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(54) Apparatus for tetrahedral and pruned tetrahedral interpolation 

(57) New interpolation techniques allow improved 
efficiency and speed in performing color space conver- 
sions. A radial interpolation technique (FIG. 7-8) accom- 
plishes an interpolation by generating successive sub- 
cubes (FIG. 6a-6e). A value of a vertex of the final sub- 
cube generated is used as the result of the interpola- 
tion. Sub-cubes (FIG. 6a-6e) are generated by averag- 
ing (FIG. 5) a selected vertex value with the vertex 
values of each of the remaining vertices. A pruned 
radial interpolation technique (FIG. 9-12, FIG. 38-39) 
employs a subset of the vertex values of the initially 
selected cube to generate the result of the interpolation, 
thereby improving upon the efficiency of the radial inter- 
polation. A tetrahedral interpolation technique (FIG. 16- 
17) accomplishes an interpolation by generating suc- 
cessive sub-cubes (FIG. 14). A value of a vertex of the 
final sub-cube generated is used as the result of the 
interpolation. Sub-cubes are generated by applying a 
mathematical relationship which allows computation of 
sub-cube vertex values through a series of logical AND, 
logical OR and averaging operations. A pruned tetrahe- 
dral interpolation technique (FIG. 15-16, FIG. 18-20. 
FIG. 40-41) employs a subset of the vertex values of the 
initially selected cube to generate the result of the inter- 
polation, thereby improving upon the efficiency of the 
tetrahedral interpolation. 
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Description 

FIELD OF THE INVENTION 

5 [0001] This invention relates to the transformation of data, and more particularly to the transformation of data from a 
first space to a second space, such as in the conversion from a first color space to a second color space. 

BACKGROUND OF THE INVENTION 

w [0002] Colorimetry has long been recognized as a complex science. In general, it has been found possible and con- 
venient to represent color stimuli vectors in a three-dimensional space, called tristimulus space. Essentially, as defined 
in 1931 by the Commission Internationale LEclairage (CIE), three primary colors (X, Y, Z) can be combined to define 
all light sensations we experience with our eyes (that is, the color matching properties of an ideal trichromatic observer 
defined by specifying three independent functions of wavelength that are identified with the ideal observer's color 

15 matching functions form an international standard for specifying color). The fundamentals of such three-dimensional 
constructs are discussed in the literature, such as Principles of Color Technology, by Billmeyer and Saltzman, published 
by John Wiley & Sons, Inc., NY, copyright 1 981 (2nd. ed.) and Color Science: Concepts and Methods, Quantitative Data 
and Formulae, by WyszecW and Stiles, published John Wiley & Sons, Inc., copyright 1982 (2d ed.), incorporated herein 
by reference in pertinent parts, particularly pages 11 9 - 1 30. 

20 [0003] Trichromatic model systems - such as red, green, blue (RGB); cyan, magenta, yellow (CMY); hue. saturation, 
value (HSV); hue, lightness, saturation (HLS); luminance, red-yellow scale, green-blue scale (La*b*); luminance, red- 
green scale, yellow-blue scale (Luv); YIQ used in commercial color television broadcasting; and the like - provide alter- 
natives for the system designer. See such works as Fundamentals of Interactive Computer Graphics, by Foley and Van 
Dam, Addison-Wesley Publishing Company, incorporated herein by reference in pertinent parts, particularly pages 606 

25 - 621 , describing a variety of tri -variable color models. 

[0004] Color transformation between model systems in digital data processing presents may problems to the original 
equipment manufacturer. The translation of data from one system to another system is difficult because the relationship 
between the systems are generally non-linear. Therefore, a crucial problem is the maintaining of color integrity between 
an original image from an input device (such as a color scanner. CRT display, digital camera, computer soft- 

30 ware/firmware generation, and the like) and a translated copy at a output device (such as a CRT display, color laser 
printer, color ink-jet printer, and the like). 

[0005] For example, computer artists want the ability to create a color image on a computer video and have a printer 
provide the same color in hard copy. Or, an original color photograph may be digitized with a scanner, resultant data 
may be transformed for display on a video monitor or reproduced as a hard copy by a laser, ink-jet or thermal transfer 

35 printer. As discussed in the reference materials cited, colors - be constructed as renderings of the additive primary 
colors, red, green and blue (RGB), or of the subtractive primary colors, cyan, magenta, yellow and black (CMYK). A 
transformation may require going from a RGB color space, for example, a computer video monitor, to a CMYK color 
space, for example, a laser printer hard copy. A transformation from one color space to another requires complex, non- 
linear computations in multiple dimensions. Some transform operations could be accomplished through matrix multipli- 

40 cation 

[0006] However, a difficulty in this method of color space conversion results from imperfections in the dyes, phos- 
phors, and toners used for the production of the colors. An additional complication is that different types of media pro- 
duce different color responses from printing with the same mixes of colorants. As a result a purely mathematical color 
space conversion method does not provide acceptable color reproduction. 

45 [0007] It has been recognized that superior results in color space conversion are obtained using a look up table 
scheme based upon a set of empirically derived values. Typically the RGB color space used for video displays use eight 
bits to represent each of the primary colors, red, green, and blue. Therefore, twenty four bits are required to represent 
each picture element With this resolution, the RGB color space would consist of 2 24 or 16,777,216 colors. Performing 
a color space conversion from each of these points in the RGB color space to generate the four CMYK (to maintain 

so black color purity in printing, a separate black is usually provided rather than printing with all three of cyan, magenta, 
and yellow colorants to generate what is commonly known as process black) color space components would require a 
look-up table with 4 x 2 24 or 67, 1 08,864 bytes of data. The empirical construction of a look-up table with this number of 
entries is too costly. 

[0008] In making the transform from one color space to another, a number of interpolation schemes well known in the 
55 field of color space conversion may be employed. Methods of performing color space conversion using trilinear interpo- 
lation, prism interpolation, and tetrahedral interpolation are disclosed in the published article PERFORMING COLOR 
SPACE CONVERSIONS WITH THREE DIMENSIONAL LINEAR INTERPOLATION, JOURNAL OF ELECTRONIC 
IMAGING, July 1995 Vol. 4(3), the disclosure of which is incorporated herein by reference. U.S. Patent No. 3, 893,166 
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(the disclosure of which is incorporated herein by reference), issued to Pugsley. discloses a scheme for translation 
between color spaces which uses a look-up table to access values used in an interpolation. 
[0009] Conversion of large amounts of data between color spaces, such as is required for color printing, is a time con- 
suming operation using the prior art methods of interpolation. The use of the computationally intensive prior art meth- 
5 ods of interpolation for the color space conversion process makes high rates of data throughput difficult to achieve. A 
need exists for a interpolation method and interpolation apparatus that will enable a reduction in the computations 
required for performing a conversion between color spaces. 

SUMMARY OF THE INVENTION 

70 

[0010] Accordingly, a pruned tetrahedral interpolator for interpolating between interpolation data values uses input 
data values each having d components to generate output data values. The d components are represented by d sets 
of bits each partitioned to form d sets of higher order bits and d sets of lower order bits. The d sets of higher order bits 
are used for selecting 2? of the interpolation data values. The pruned tetrahedral interpolator includes a first multiplexer 

rs having a first multiplexer output and a first control input. The first multiplexer is configured for receiving the 2 d of the 
interpolation data values. The first control input is configured fa receiving a first value determined from the d sets of 
lower order bits. The pruned tetrahedral interpolator further includes a first adder having a first input, a second input, 
and an output. The first input is coupled to the first multiplexer output a d the second input is configured to receive one 
of the 2? of the interpolation data values. 

20 [001 1 ] A tetrahedral interpolator for interpolating between interpolation data values uses input data values each hav- 
ing d components to generate output data values. The d components are represented, correspondingly, by d sets of bits 
each partitioned to form d sets of higher order bits and d sets of lower order bits. The d sets of higher order bits are used 
for selecting 2 d of the interpolation data values. The tetrahedral interpolator includes a set of 2 x ^ multiplexers with 
each of the multiplexers having a multiplexer output and configured to receive the 2 d of the interpolation data values. 

25 Each of the multiplexers is used for selecting a one of the 2 d of the interpolation data values responsive to one of 2 x 
2 d values determined from the d sets of lower order bits. The tetrahedral interpolator further includes a set of 2 d adders 
with each of the adders having a first input, a second input, and an output. Each of a first group of 2 d of the multiplexers 
have the corresponding of the multiplexer output coupled to one of the first input. Each of a second group of 2 d of the 
multiplexers have the corresponding of the multiplexer output coupled to one of the second input. The set of 2 x 2? mul- 

30 tiplexers and the set of 2 d adders form a stage. 

[001 2] A method of tetrahedral interpolation uses interpolation data values for selection using input data values each 
having d components. The d components are represented by d sets of bits each partitioned to form d sets of higher 
order bits and d sets of lower order bits with each of the d sets of lower order bits having n bits. The d sets of lower order 
bits are designated as 1b 1( 1b 2 , . .,1b d with the bit position of each bit of the d sets of lower order bits designated from 

35 the most significant of the lower order bits to the least significant of the lower order bits by a value of i ranging, corre- 
spondingly, from n-1 to 0. The method of tetrahedral interpolation includes the step of computing a first value according 
to vp^ 6 * 1 x 1b 1 [0 + 2 d " 2 xb 2 [i] +...+ 2 d ~ d x lb d [i] for the value of i equal to (n-1). The method of tetrahedral inter- 
polation further includes the step of computing a first set of AND values according to v[n-1] & k, for the value of k ranging 
from 2 d -l to 0. The method of tetrahedral interpolation further includes the step of computing a first set of OR values 

40 according to v[n-i]|k, for the value of k ranging from 2 d - 1 to 0. The method of tetrahedral interpolation further includes 
the step of selecting a first set of 2 d pairs of the interpolation data values using the first set of the AND values and the 
first set of the OR values. Each of the first set of 2 d pairs are selected using one of the first set of the AND values and 
one of the first set of the OR values each computed using the same of the value of k. The method of tetrahedral inter- 
polation further includes the step of computing a first set of 2 d sums by summing each of the first set of 2 d pairs of the 

45 interpolation data values. 

[001 3] A method of pruned tetrahedral interpolation uses interpolation data values tor selection using input data val- 
ues each having d components. The d components are represented by d sets of bits each partitioned to form d sets of 
higher order bits and d sets of lower order bits with each of the d sets of lower order bits having n bits. The d sets of 
lower order bits are designated as 1b 1t 1b2*.-.1b^ with the bit position of each bit of the d sets of lower order bits desig- 

so nated from the most significant of the lower order bits to the least significant of the lower order bits by a value of i rang- 
ing, correspondingly, from n-1 to 0. The method of pruned tetrahedral interpolation includes a step of computing a first 
set of 2 n - 2 values using bitwise AND operations and bitwise OR operations operating upon v[i]. Where 
v[t] is equal to 2 ^ x 1b l [i] + 2 d " 2 x 1b 2 [i] + ...+ 2 < ** d x 1b d [i] for the value of i raging from (n-1) to 0. The method of 
pruned tetrahedral interpolation further includes a step of selecting at least the minimum of 2 n and 2* 1 of the interpda- 

55 tion data values using ones of the first set of 2 n - 2 values. v[i] for one of the values of i equal n-1 , and the d sets of 
higher order bits. The method of pruned tetrahedral interpolation further includes a step of adding a second set of the 
interpolation data values formed from the interpolation data values from the step of selecting to generate a sum. 
[0014] A pruned tetrahedral interpolator for interpolating between interpolation data values uses input data values 
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each having d components to generate output data values. The d components are represented by d sets of bits parti- 
tioned to form d sets of lower order bits with each of the d sets of lower order bits having n of the bits. The pruned tet- 
rahedral interpolator includes a first set of 2 n -1 multiplexers each configured for receiving one of a set of control inputs 
and having a multiplexer output. Each of the multiplexers of the first set for selecting from the interpolation data values 
5 is responsive to the one of the set of control inputs. The pruned tetrahedral interpolator further includes a means for 
adding configured for receiving the multiplexer output of the set of multiplexers. 

DESCRIPTION OF THE DRAWINGS 

10 [001 5] A more thorough understanding of the invention may be had from the consideration of the following detailed 
description taken in conjunction with the accompanying drawings in which: 

Figure 1a is a representation of output color space values used for interpolation in a cubic lattice. The vertices of 
the each of the cubes forming the cubic lattice represent values of the output color space. 
15 Figure 1b is a graphical representation of a color space conversion process from a color expressed in a cylindrical 
coordinate to a color expressed in a rectangular coordinate. 

Figures 2a through 2d are a graphical representation of the selection of a single sub-cube using the corresponding 
bits from the lower order bits of the input color space value. 

Figures 3a through 3h show the eight possible sub-cubes which can be selected from a cube using the correspond- 
20 ing bits from the lower order bits of the input color space value. 

Figure 4 shows the numbering of the vertices of the cube for the purposes of selecting the sub-cube containing the 
result of the interpolation using the corresponding bits of the lower order bits. 
Figure 5 is a graphical representation of the radial sub-cube generation process. 

Figure 6a through 6e shows a graphical representation of multiple iterations of the cube subdivision process used 
25 in radial interpolation. 

Figure 7 shows a hardware implementation of a radial interpolator. 

Figure 8 is a high level flow diagram of a generalized method for performing radial interpolation. 

Figure 9 is a diagrammatic representation of the computations required for generation of the sub-cubes in pruned 

radial interpolation. 

30 Figure 1 0 shows a hardware implementation of pruned radial interpolation. 

Figure 11 is a high level flow diagram of a generalized method for performing pruned radial interpolation. 
Figure 12 is a high level flow diagram of a method implemented in software for performing pruned radial interpola- 
tion. 

Figure 13 is a representation of the outer bounds of a CMY and a RGB color space showing the colors at the outer 
35 bounds of the color spaces. 

Figure 14 is a graphical representation of the generation of a sub-cube from two tetrahedrons. 

Figure 1 5 is a diagrammatic representation of the computations required for generation of the sub-cubes in pruned 

tetrahedral interpolation. 

Figure 16 is a high level flow diagram of a generalized method for performing tetrahedral interpolation. 
40 Figure 1 7 shows a hardware implementation of tetrahedral interpolation. 

Figure 18 shows a hardware implementation of pruned tetrahedral interpolation. 

Figure 19 is a high level flow diagram of a generalized method for performing pruned tetrahedral interpolation. 
Figure 20 is a high level flow diagram of a method for implement in software for performing pruned tetrahedral inter- 
polation. 

45 Figure 21 is a diagrammatic representation of a common radial interpolation and pruned tetrahedral interpolation 
implementation. 

Figure 22 shows a hardware implementation of common pruned radial and pruned tetrahedral interpolation. 
Figure 23a through 23e shows a graphical representation of a non-symmetric interpolation process. 
Figure 24 shows a graphical representation of the generation of a sub-cube from a cube using non-symmetric sub- 
so cube generation. 

Figure 25 is a diagrammatic representation of the non-symmetric radial interpolation process. 

Figure 26 is a high level flow diagram of a method for performing non-symmetric radial interpolation. 

Figure 27 is a high level flow diagram of a method implemented in software for performing non-symmetric pruned 

radial interpolation. 

55 Figure 28 shows a hardware implementation of non-symmetric pruned radial interpolation. 

Figure 29 is a high level flow diagram of a generalized method for performing non-symmetric radial interpolation. 

Figure 30 shows a hardware implementation of non-symmetric radial interpolation. 

Figure 31 is a diagrammatic representation of the non-symmetric pruned tetrahedral interpolation process. 



4 



EP0 923 049 A2 

Figure 32 shows a high level flow diagram of a method for performing non-symmetric pruned tetrahedral interpola- 
tion. 

Figure 33 is a high level flow diagram of a method implemented in software to perform non-symmetric pruned tet- 
rahedral interpolation. 

5 Figure 34 shows a hardware implementation of non-symmetric pruned tetrahedral interpolation. 

Figure 35 is a high level flow diagram of a generalized method for implementing non-symmetric tetrahedral interpo- 
lation. 

Figure 36 shows a hardware implementation of a non-symmetric tetrahedral interpolator. 

Figure 37 shows a hardware implementation of a common non-symmetric pruned radial and non-symmetric 
70 pruned tetrahedral interpolator. 

Figure 38 includes a C code listing of a method for implementing pruned radial interpolation in software. 

Figure 39 includes a VHDL listing used for generating a hardware implementation of pruned radial interpolation. 

Figure 40 includes a C code listing of a method for implementing pruned tetrahedral interpolation in software. 

Figure 41 indudes a VHDL listing used for generating a hardware implementation of pruned tetrahedral interpola- 
15 tion. 

Figure 42 includes a VHDL listing used for generating a hardware implementation of common pruned radial inter- 
polation and pruned tetrahedral interpolation. 

Figure 43 includes a C code listing of a method for implementing non-symmetric pruned radial interpolation in soft- 
ware. 

20 Figure 44 includes a VHDL listing used for generating a hardware implementation of non-symmetric pruned radial 
interpolation. 

Figure 45 includes a C code listing of a method for implementing non-symmetric pruned tetrahedral interpolation in 
software. 

Figure 46 includes a VHDL listing used for generating a hardware implementation of non-symmetric pruned tetra- 
25 hedral interpolation. 

Figure 47 includes a VHDL listing used for generating a hardware implementation of common non-symmetric 
pruned radial and non-symmetric pruned tetrahedral interpolation. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 

[0016] The present invention is not limited to the specific exemplary embodiments illustrated herein. In addition, 
although several embodiments of sub-cube interpolation will be discussed in the context of a color laser printer, one of 
ordinary skill in the art will recognize after understanding this specification that the disclosed embodiments of sub-cube 
interpolation have applicability in any interpolative data transformation between spaces. For example, the interpolations 
35 required for the rendering of three dimensional graphics could advantageously use the disclosed interpolation tech- 
niques. 

[0017] Sub-cube interpolation using tetrahedral interpolation to generate each of the vertices of the successive sub- 
cubes is taught in the co-pending application having USPTO serial number 08/504,406 t the disclosure of which is incor- 
porated by reference herein. However, the method for generation of the sub-cube vertex values disclosed in this co- 
40 pending application requires a large number of computations. A need exists for a method of generating the sub-cube 
vertex values which is more computationally efficient. 

[001 8] Shown in Figure 1 a is a cubic lattice 1 . The cubic lattice is formed of a multiplicity of cubes with the vertices of 
the cubes representing values in the output color space. The input color space values are each partitioned into an upper 
portion and a lower portion. The upper portion of each of the input color space values serves as an index to address 

45 the vertex values of the cubic lattice 1 used for interpolation. The lower portion of each of the input color space values 
is used to interpolate between the output color space values accessed using the upper portion of the input color space 
value. Each of the dimensions of the cubic lattice 1 correspond to one of the components of the input color space value. 
The values associated with the vertices of cubic lattice 1 are used to generate output color space values. 
[001 9] Each of the output color space values has multiple components corresponding to the dimensions of the output 

so color space. Conversion is done from the input color space values to components of the output color space values. Con- 
version to each output color space value component uses a distinct set of vertex values. For the case in which there are 
three components to each of the output color space values, there are three sets of vertex values used for the color 
space conversion. For this case, it would be possible to regard each vertex value as formed of three values with each 
of the three values selected from one of the three sets. Viewing the vertex values in this way, the conversion to each of 

55 the components of the output color space values would be performed in parallel. It is also possible to perform the con- 
version to each of the output color space components serially. Done in this manner, the conversion can be viewed as 
using three separate cubic lattices, one corresponding to each set of vertex values. 

[0020] Shown in Figure tb is a general graphical representation of the interpolation process. Consider, for example 
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the conversion of an input color space value (a, b, c) 10, representing a color in a cylindrical color space, to an output 
color space value (x, y, z) 1 1 representing that same color in a Cartesian color space. In this example, each of a, b, and 
c are represented by eight bits. Each of the three groups of eight bits can be partitioned; for example, into four upper 
bits 10a (represented by a u , b u ,and Cy) and four lower bits 1 0b (represented by a-t , b^, and c^). The three groups of four 
5 upper bits 10a are used as an index into the cubic lattice 1 to retrieve the eight values corresponding to the vertices of 
a cube within the cubic lattice 1 that will be used as interpolation data values. The three groups of four lower bits 10b 
are then used to interpolate between the eight interpolation data values corresponding to the vertices of the cubic lattice 
1 to generate a component of the the output color space value 1 1 . 

[0021] One of ordinary skill in the art will recognize that other partitions of the bits of the input color space value 10 
10 are possible. The particular partition of the bits will depend upon such things as the size of the memory available to 
store the values of the output color space used for the interpolation ad the amount of change in the output color space 
value that occurs between vertices of cubic lattice 1 . A tradeoff exists between the accuracy of the interpolation and the 
size of the memory used to store the output color space values used as the interpolation data values. If the character- 
istics of the output color space are such that it changes relatively linearly throughout the color space, then fewer vertices 
is in cubic lattice 1 are necessary to deliver an acceptable level of interpolation accuracy. 

[0022] The index formed by a u , b u , and c u serves as an entry point into the cubic lattice. The index addresses one 
vertex of the eight vertices of the cube used as the interpolation data values. Each of the vertices of the cube corre- 
sponds to a value used for interpolating to generate one component of the output color space value 11 The eight asso- 
ciated vertices of a cube in the cubic lattice 1 have the following relative addresses: 

20 

(au, fc^, cj 
(au, + 1, b U( cj 
(ay, bu, + 1,Cu) 
(au, by, c u + 1) 
25 (ay, + 1,b u + 1.c u ) 
(ay, + 1,b u , Cu + 1) 
(ay. b u +1,c u +1) 
(a u . + 1.b u + 1.c u + 1) 

30 [0023] The cube subdivision interpolation method disclosed in the United States patent application having USPTO 
serial number 08/504,406, performs a interpolation by generating a sub-cube using the values associated with the ver- 
tices of the previously generated sub-cube. The initial cube formed by the vertex values associated with the three 
groups of upper order bits (a u , b u , c u ) 10a is used to generate the first sub-cube. This initial cube can be divided into 
eight sub-cubes. The three groups of lower order bits 10b (a 1f b 1t c^ are used to select one of the eight possible sub- 

35 cubes formed for the next iteration of sub-cube division. These three groups of lower order bits 10b identify in which of 
the eight possible sub-cubes the result of the interpolation will be located. When the sub-cube which contains the result 
of the interpolation is identified, this sub-cube is used to generate the next sub-cube which contains the result of the 
interpolation. This process is successively repeated until the last sub-cube containing the result of the interpolation is 
generated. One of the values associated with a vertex of this last sub-cube generated is used as the result of the irtter- 

40 polation. 

[0024] Figure 2a through 2d graphically represent the selection of a sub-cube using the three groups of lower order 
bits 10b (a 1f b 1t c-|). For purposes of explaining the sub-cube selection, consider the case in which the lower order bits 
10b for each component of the input color space value consists of four bits. Shown in each of Figures 2a through 2d are 
the axes corresponding to the a, b, and c components of the input color space value. Each of these axes corresponds 

45 to a dimension of the input color space. Sub-cubes are designated using one corresponding bit (corresponding in the 
sense that they are coefficients of the same power of 2) from the lower order bits 10b of each component of the input 
color space value. Each bit position of the lower order bits 10b of each component can be viewed as dividing the cube 
in half along the dimension corresponding to the component. The value of the bit for each component determines which 
half of the cube is selected in the corresponding dimension, for the purpose of determining in which sub-cube the result 

so of the interpolation is located. The selected sub-cube will be the volume defined by the intersection of the cube halves 
selected by the corresponding bits of each component of the lower order bits 1 0b of the input color space value If the 
bit of the lower order bits 10b for the component is a "1 a corner of the selected cube half is displaced one half the 
length along the corresponding axis from the origin of the cube. If the bit of the component is a "0", the corner of the 
selected cube half includes the origin of the cube. Shown in Figures 3a through 3h are the eight possible sub-cubes 

55 defined by the common intersection of the cube halves designated by the corresponding bit from each of ^ , b-i , and . 
[0025] By numbering the vertices of the cubes in a manner that is consistent with the assignment of the groups of 
lower order bits 1 0b of the components of the input color space value to the axes, the vertex of the cube used to gen- 
erate the sub-cube associated with a vertex of the sub-cube to be generated, is designated by the binary value formed 
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by combining the corresponding bits from each of the pups of lower order bits 10b of the components. Shown in Figure 
4 is a cube with the axes labeled and with the vertices numbered. The cube used to generate a sub-cube and the gen- 
erated sub-cube share a vertex. With this assignment of vertex numbers, the number of the vertex of the cube used to 
generate the sub-cube which is included within the sub-cube generated is the binary value formed from the correspond- 
5 ing bits of a-^ , ^ ( and c-i for a given bit position. 

[0026] An example will be explained to illustrate the interpolation using the sub-cube generation. Assume that the fol- 
lowing values are used for a 1t b 1( and 

Table 1 
a 1= 1010 
b f 1110 
^=0011 

With these values assigned to a 1( b 1f and c lp the vertex number 6 (computed by selecting the most significant bit from 
each of a^ , b<\ , and c-| and concatenating these into a binary value) of the cube used to generate the first sub-cube is 
also a vertex of the first sub-cube. The vertex of the first sub-cube included within the second sub-cube generated is 

20 vertex number 2 (computed by selecting the second most significant bit from each of a v b 1 , and c-, and concatenating 
these into a binary value). The vertex of the second sub-cube included with the third sub-cube generated is vertex 
number 7 (computed by selecting the third most significant bit from each of a 1( bj, and c 1 and concatenating these into 
a binary value). The vertex of the third sub-cube included with the fourth sub-cube generated is vertex number 1 (com- 
puted by selecting the fourth most significant bit from each of a 1( b 1f and and concatenating these into a binary 

25 value). The vertex values of the first sub-cube are generated with the vertex values accessed using the upper order bits 
(a^ b u , c u ) 1 0a of the components of the input color space value. The vertex values of the second sub-cube are gener- 
ated using the vertex values generated for the first sub-cube. The vertex values of the third sub-cube are generated 
using the vertex values generated for the second sub-cube. Finally, the vertex values of the fourth sub-cube are gener- 
ated using the vertex values generated for the third sub-cube. In sub-cube iterpolation, the value associated with the 

30 vertex numbered 0 of the f inal sub-cube generated is the value used as the result of the iterpolation. This result is one 
componet of the output color space value. This sub-cube generation procedure could be applied with an arbitrary 
number of bits used to specify each component of the lower order bits 1 0b of the input color space value. 
[0027] A variety of methods have been previously employed for the generation of the sub-cube values. These meth- 
ods include tetrahedral, pyramid, PRISM, and Trilinear. Radial sub-cube generation is a new method of sub-cube gen- 

35 eration which achieves a substantial reduction in the computational complexity required to generate the sub-cubes. It 
should be recognized that each interpolation method can generate differet results because the iterpolation process 
is an approximation of the color space conversion. Depending upon the location in the color space where the conver- 
sion is performed and the preferred characteristics of the result, one method may yield more desirable results than 
another. 

40 [0028] Shown in Figure 5 is a graphical representation of the radial sub-cube generation method. Clearly explaining 
the radial sub-cube generation process requires some notational definition. As was previously the case, a 1( b 1( and C| 
designate the lower order bits 10b of the respective a, b, and c components of input color space value. The value of the 
variable i will be used to designate the bit position within the lower order bits 10b {a v b 1( c^, as shown below, for the 
case in which four bits are used to designate each component of the lower order bits 10b. The maximum value of i (a 

45 value of 3) corresponds to the most signrficat bit position of the lower order bits 10b. The minimum value of i {a value 
of 0) corresponds to the least significat bit position of the lower order bits 10b. As one of ordinary skill in the art will 
recognize, this notation is easily adapted for a differet number of bits used for each component of the lower order bits 
10b. For n bits used to represet the lower order bits 10b, the value of i ranges from n-1 to 0. 

50 

Table 2 



i: 


3 


2 


1 


0 


*v 


1 


0 


1 


0 


bv 


1 


1 


1 


0 


Ci: 


0 


0 


1 


1 



10 



15 
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[0029] Using this notation, the value of i indirectly indicates the iteration of the sub-cube generation. A value of i equal 
to 3, corresponds to generation of the first sub-cube. This first sub-cube includes vertex number 6 from the cube formed 
by accessing the values of cubic lattice 1 using the upper order bits 10a. For the value of i equal to 0, the fourth sub- 
cube is generated. This fourth sub-cube includes vertex number 1 from the third sub-cube generated. To determine the 
5 vertex number of the cube used to generate the sub-cube which is included within the sub-cube, the following equation 
is used: 

v(i)=4a t (i) + 2b 1 (i) + c 1 (i) eqn. 1 a 

10 

In equation 1a, v(i) represents the vertex number of the cube included within the generated sub-cube. Each of the a^i). 
b^), and c^i) represents the binary value associated with the "ith" position in the respective component of the lower 
order bits 1 0b. For each value of i. equation 1 a yields the correct number of the vertex of the cube used to generate the 
sub-cube which will be included within the desired sub-cube. The values which i may assume include the integers from 
15 n - 1 to 0 inclusive, where n is the number of bits used to specify each of the components of the lower order bits 10b of 
the input color space value. The value of the vertex having the number v(i) is designated by P[v(i)]. Equation 1 a can be 
generalized for input color space value 10 formed from d components. Given below is a generalized expression for v[i]: 

v[i]=2 d ' 1 x ib-,[n + 2 d " 2 x lb 2 [i] + 2 d " 3 x lb 3 [i] +...+ 2™ x lb d [i] eqn. 1b 

In equation 1b, each of the "1b" represent the lower order bits 10b one of the d components of the input color space 
value 10. As in equation 1a, the values of i include the integers from n-1 to 0 inclusive. 

[0030] The values associated with the eight vertices of the sub-cube are generated from the cube as shown in table 
25 3. Those vertex values designated by P'[sub-cube vertex number] represent sub-cube vertex values and those vertex 
values designated by P [cube vertex number] represent the vertex values of the cube used to generate the sub-cube 
vertex values. A given value of a sub-cube vertex is generated by averaging the corresponding vertex value of the cube 
from which the sub-cube is generated with the value of the vertex of the cube used to generate the sub-cube included 
within the sub-cube (this is the value designated by P[v(i)]. 

30 

Table 3 
P'[7MP[7] + P[v(i)]K2 

35 P'[6MP[6] + P[v(i)]h2 

P*[5l=(P[5I+P[v(i)]K2 
PT4HP[4] + P[v(0])-2 
PT3MP[3]+P[v(i)]h2 

40 P'[2]=(P[2]+P[v(i)]K2 

P'[1]=(P[1]+P[v(i)]K2 

P'[0]=(P[0]+P[v(i)]H> 

45 

[0031] Shown in Figure 6a through Figure 6e is a graphical representation of multiple iterations of the sub-cube divi- 
sion process used in radial interpolation. The values used for the components of the lower order bits 10b of the input 
color space value in the example of Figure 6 are the same as those shown in Table 2. The values of the vertices of the 
cube used for generation of the first sub-cube (these values are accessed using the higher order bits 10a of the input 

so color space value) are loaded from a color table stored in memory. After the final iteration of sub-cube division, vertex 
number 0 of the final sub-cube is used as the result of the interpolation process. To prevent the accumulation of round- 
ing errors during the actual computation of the sub-cube vertex values, the required division by 2 for each iteration of 
sub-cube generation is performed only on the values of the vertices of the final sub-cube generated. When the division 
is performed in this manner, the divisor used is 2 n , where n is the number of bits assigned to each component of the 

55 lower order bits 10b. Division by 2 n can be performed easily by performing a right shift operation. For the case in which 
n=4, this divisor is 16. With the division operation not performed until after the generation of the final sub-cube vertex 
values, the sub-cube generation process reduces to a series of additions of selected vertex values of the generated 
sub-cubes. 
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[0032] Shown in Figure 7 is a hardware implementation of a radial interpolator 100. In addition, Figure 7 illustrates 
the progression of the radial interpolation through radial interpolator 100 using values for v[i] corresponding to lower 
order bits 10b of table 2. Each of the values (P[0] through P[7)) associated with the eight vertices selected using upper 
order bits 10a is coupled to a multiplexer input of first multiplexer 101 . The value of v[i], for i equal to 3, is coupled to the 

5 control input of first multiplexer 101. The value Off v[i], for i equal to 3, is used to select the value associated with the 
vertex of the cube selected using upper order bits 10a that will be included in the first sub-cube generated. The output 
of first multiplexer 101 is coupled to a first input of each adder of a first set of adders 102 composed of eight adders. 
The second input of each adder of the first set of adders 102 is coupled to one of the values selected using upper order 
bits 10a. First multiplexer 101 and first set of adders 102 form a first stage of radial interpolator 100. It can be seen, that 

10 with this configuration of multiplexer 1 01 and first set of adders 1 02, the averaging operations of table 3 (without the divi- 
sion by two, which, as previously mentioned, is delayed until all the iterations of radial interpolation are completed) for 
a single iteration of radial interpolation are completed. A second, third, and fourth stage of radial interpolator 100 are 
formed from, respectively, a second multiplexer 103 and second set of adders 104, a third multiplexer 105 and third set 
of adders 106, and a fourth multiplexer 107 and fourth set of adders 108. The control inputs of the second 103, third 

75 105, and fourth 107 multiplexer inputs are coupled to, respectively, v[i=2], v[i=1], and v[i=0]. The second, third, and 
fourth stages of radial interpolator perform successive iterations of radial interpolation with each iteration using the rela- 
tionships of table 3 (again delaying the division by two until completion of all iterations). 

[0033] Shown in Figure 8 is high level flow diagram of a method for performing a single iteration of radial interpolation. 
First, 2 d of interpolation data values are selected 200 using upper order bits 10a. For the case in which the radial inter- 

20 polation is used for color space conversion, the interpolation data values conespond to vertex values of the selected 
cube. In addition, for color space conversion d is typically equal to 3, the number of components of the input color space 
value 10. After vertex values are selected 200, the vertex number of the vertex value required for that iteration is com- 
puted 201 . For d equals 3, equation 1 a is used to compute 201 the required vertex number. Depending on the iteration 
of radial interpolation, the value of i used to compute v[i] can range from i=3 to i=0. After computation 201 of the vertex 

25 number, one of the 2* of interpolation data values is selected 202 using the computed vertex number. Finally a set of 
2 d averages is computed 203 according to the relationships of table 3. To avoid rounding errors the required divisions 
by 2 for averaging are delayed until all iterations of interpolation are performed. 

[0034] It was recognized that the number of computations required to perform radial interpolation as shown in Figure 
7 could be substantially reduced. Examination of the radial interpolation process of Figure 7 reveals that determination 

30 of the interpolation result does not require the use of all eight of the vertex values accessed by the upper order bits 1 0a, 
nor does it require the use of all the adders shown in Figure 7. Shown in Figure 9 is a diagrammatic representation of 
pruned radial interpolation. Figure 9 can be understood by working backward from the interpolation result shown in Fig- 
ure 7 to determine the values of the vertices (accessed using the upper order bits 10a) that are required to generate 
the result. As previously mentioned, the value of vertex number 0 (P[0]) of the final sub-cube generated is used as the 

35 result of the interpolation. Using the equations listed in table 3 (without the division by 2), the vertices of the sub-cube 
immediately previous to the final sub-cube that are used to compute the value of vertex number 0 of the final sub-cube 
can be determined. Similarly, the equations listed in table 3 can be used to determine the vertices of the sub-cube two 
previous to the final sub-cube that are necessary to compute the needed vertices of the sub-cube immediately previous 
to the final sub-cube. 

40 [0035] This method for determining the vertices of each of the sub-cubes necessary to compute P[0] of the final sub- 
cube is performed with each value of i from 0 to 3 for the case in which n=4. If this is done, the result shows that the 
values used to compute P[0] of the final sub-cube consist of only some of the values corresponding to the vertices of 
the cube accessed by the higher order bits 10a of the input color space value. As a result, only 10 of the 32 adders of 
Figure 7 are used for computing a interpolation result from a given input color space value 10. For the values of the 

45 lower order bits 10b shown in table 2, the vertex numbers of the cube accessed by the higher order bits 10a to which 
the values used to compute P[0] of the f inal sub-cube correspond are: 0, 6, 2, 7, and 1 . The values of the vertices of the 
cube accessed by the higher order bits 10b corresponding to this are: P[0], P[6], P[2], P[7], and P[1]. In general, the 
values of the vertices of the cube accessed using the higher order bits 10a that are used to compute P[0] of the final 
sub-cube are P[0], P[v(i = 3)]. P[v(i = 2)], P[v(i = 1)], P[v(i = 0)]. The general expression which can be derived for n=4 is: 

50 

P[0] Final sut>cube=« 8 * P K<=3)]} + I* x P[v(i=2)]} + {2 x P[v=1)]} + P[v(i=0)] + P[0]) - 16 eqn. 2 

[0036] Education 2 is an expression for computing a result using pruned radial interpolation with n=4. A generalized 
expression for the pruned radial interpolation is: 

55 

PIOlFinalSub-cube^B 2 ^^)])*™* 2 " 3 

(=0 
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Equation 3 can be used to generalize the computation of the pruned radial interpolation result. It should be noted that 
in equation 2 and the generalized expression in equation 3, the value associated with vertex number 0 of the cube 
selected using higher order bits 10a is always used. Had the value of a vertex number other than vertex number 0 of 
the final sub-cube generated been used as the result of the interpolation, the value of that vertex number of the origi- 
nally selected cube would be used in place of P[0]. 

[0037] The hardware functional blocks required to perform the pruned radial interpolation include adders and multi- 
plexers. With D dimensions in the output color space and bits representing each group of lower order bits 10b of the 
input color space value, the requirements of the hardware implementation of the pruned radial interpolation can be 
computed as: 

# of Adders=D x (n + 1) eqn. 4 

# of Multiplexer D x n eqn. 5 

[0038] It should be noted that extra adder specified in equation 4 is used for the purpose of rounding. Additional oper- 
ations which must be performed by the hardware include multiplication, division, and concatenation. The multiplication 
and division operations by a power of two can be performed by shifting bit positions. In hardware, this shifting is accom- 
plished by connecting a line corresponding to a bit to a higher order position for multiplication or to a lower order position 
for division. In hardware, concatenation is accomplished by grouping lines, corresponding to bit positions, together. 
Therefore, the multiplication, division, and concatenation operations can be performed without the necessity of adding 
additional hardware. 

[0039] To generate the gate level design necessary to implement the pruned radial interpolation in hardware, a com- 
monly used hardware description language, such as VHDL, may be used. Included in Figure 39 is a listing of the VHDL 
code which can generate a hardware implementation of pruned radial interpolation. 

[0040] Shown in Figure 1 0 is a hardware implementation of a pruned radial interpolator 300 for n equal to 4. It should 
be noted that the hardware implementation shown in Figure 10 can be used to generate a single component of the out- 
put color space value 1 1 . This same hardware could be used repetitively for an additional (D-1) passes to generate the 
remaining D-1 components of the output color space value 1 1. Or, there could be an additional (D-1) replications of the 
hardware implementation shown in Figure 10 to generate each of D components simultaneously. Pruned radial interpo- 
lator 300 is a hardware implementation of equation 2 without the division by 16. The division by 16 could be accom- 
plished by bit shifting the result of the addtions. Selection of four of the five vertex values (P[6], P[2], P[7], and P[1D 
used to compute the interpolation result requires four multiplexers 301 -304. 

[0041] Trie four required additions are accomplished using four adders 305-308. The fifth vertex value required for 
computation of the interpolation resuft, P[0], is hard wired into the inputs of one of the adders. It should be noted that 
because of the associative property of addition, the hardware implementation of Figure 10 may be implemented so that 
the additions are performed in a number of different orders. The order shown in Figure 10 minimizes propagation delay 
through the adders. Furthermore, other means for adding may be used. For example, a single adder that had a suffi- 
cient number of inputs could be used. Or, a microprocessor could be used to accomplish the additions. 
[0042] The three multiplication operations 309-31 1 correspond to multiplication by the coefficients 8, 4, and 2 of the 
first three terms on the right side of equation 2. ft should be noted that multiplication operations 309-311 are accom- 
plished in hardware by routing of the lines corresponding to the bit positions on each of the respective multiplexer out- 
puts. Therefore, these multiplications are implemented without additional hardware cost It is possible to implement the 
multiplications through the routing of lines because all of the coefficients are powers of 2. 

[0043] One of ordinary skill in the art will recognize that the hardware implementation shown in Figure 1 0 is adaptable 
for values of n greater than 4 or less than 4. Consider the hardware implementation of a pruned radial interpolator for n 
equal to 1 . This hardware implementation of pruned radial interpolation would be useful for an interpolation which per- 
forms a single iteration of cube subdivision and then selects one of the vertex values of the generated sub-cube as the 
interpolation result. This hardware implementation of pruned radial interpolation requires only a single multiplexer and 
a single adder (of course the rounding at the end requires an additional adder but this additional adder is not shown in 
Figure 10). 

[0044] Shown in Figure 1 1 is a high level flow diagram of a generalized method of pruned radial interpolation for input 
color space values 10 having d components with each set of lower order bits 1 0b having n bits. First, n values are com- 
puted 400 using equation 1b. Next, n+1 interpolation data values (which correspond to vertex values in a color space 
conversion) are selected 401 using the computed n values and higher order bits 10a. Finally, the interpolation result is 
computed 402 by multiplying and adding the selected n+1 interpolation data values according to equation 3. 
[0045] A software implementation ol the pruned radial interpolation is computationally very efficient. With d input 
dimensions, D output dimensions and 2 n values between vertices of cubic lattice 1, the number of computations 
required to generate an interpolation result can be computed as: 
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# of ALU operations=2 x n x (d + D -1) + D eqn. 6 

The number of memory accesses required to generate the interpolation resuft can be computed as: 

5 # of memory accesses = D x (n + 1 ) eqn. 7 

It should be noted that unlike many other interpolation methods, both the number of ALU operations and the number 
of memory accesses are linear in D, d. and, n which results in the relative computational efficiency of pruned radial inter- 
polation. 

jo [0046] Shown tn Figure 12 is a high level flow diagram of a method implemented in software to perform the pruned 
radial interpolation. First, a determination 500 is made if any one of the components of the input color space value (a, 
b, c) 10 corresponds to a location on an outer boundary of the cubic lattice 1 . This is the case if any one or more of the 
components of the input color space value has a value of FF hexadecimal. If this is the case, then, for purposes of gen- 
erating the index into the cubic lattice 1 to retrieve the necessary vertex values, the components of the input color space 

75 value 10 which have a value of FF hexadecimal are assigned 501 a value of 100 hexadecimal. 

[0047] Assignment of a value of 100 hexadecimal to those input color space values of FF hexadecimal is done to 
address a special case in the interpolation. To illustrate this special case, consider the representation of the input color 
space values 10 by eight bits for each component, with each component partitioned into four upper order bits and four 
lower order bits. With this partitioning, the higher order bits can form the index values 00, 10, 20, 30,... F0 hexadecimal 

20 for each component TTie four lower order bits for each component will be used to interpolate between the output color 
space values 1 1 accessed using the index values. The difference between the pair of output color space values 1 1 
accessed using successive index values from 00 hexadecimal to F0 hexadecimal is spanned in 16 equal increments. 
With each successive increment, the associated value is increased 1/16 of the difference between the accessed pair of 
output color space values 1 1 . when going from the lower output color space value to the higher output color space 

25 value. For example, after 5 increments, the associated value is 5/1 6 of the difference between the accessed pair of out- 
put color space values 1 1 . Using the four lower order bits, the value associated with the corresponding number of incre- 
ments is added to the output color space value 1 1 selected using the higher order bits to generate the interpolation 
result However a problem arises between index values F0 and FF (index value 1 00 does not exist in the table) for each 
component of the input color space value 10. Between F0 and FF there are only 15 increments and the output color 

30 space value 1 1 accessed by FF corresponds to an outer boundary of the output color space. However, the interpolation 
process is designed to operate on 16 increments between the output color space values 1 1 accessed using the index 
values. To address this problem, the output color space values 1 1 corresponding to the index value FF are mapped to 
a location having and address of 1 00 hexadecimal. This mapping effectively distributes the difference in the output color 
space values 11 corresponding to index values F0 and FF hexadecimal over 16 increments instead of 15. Because of 

35 this, there will be slight errors resulting from the interpolation between index values F0 and FF. Although not shown in 
the hardware block diagrams, the handling of this special case in the interpolation is performed in the hardware imple- 
mentations of the various interpolator embodiments. 

[0048] After any necessary reassignment of input color space value 1 0, the indices used to access the values corre- 
sponding to the required vertices of the selected cube in cubic lattice 1 are computed 502. Finally, the values for each 

40 component of the output color space value (x, y, z) 1 1 are computed 503. Provided in Figure 38 of this specification is 
the code of an implementation in C, for n=4, of the high level method of pruned radial interpolation shown in Figure 12. 
[0049] It should be recognized that a number of possible processor specific optimizations of the software for perform- 
ing pruned radial interpolation can be performed. For example, by combining all the components of each output color 
space values 1 1 into a single word, the number of memory accesses required to perform the conversion to the output 

45 color space value 11 can be reduced. Another possible optimization exploits the ability of the ALU to perform 32 bit 
operations. By assigning bits 0-7 of an ALU word to handle the computation of the y component of the output color 
space value and bits 16-23 to handle the computation of the x component of the output color space value, a single 
sequence of shifts and adds can be used to generate the x and y components in parallel. It is also possible to implement 
pruned radial interpolation in hardware. The computational efficiencies which existed in the software implementation of 

so pruned radial interpolation are present in the hardware implementation as reduced hardware requirements. 

[0050] Tetrahedral interpolation partitions the cube accessed by the higher order bits 10a of the color space input 
value into a number of tetrahedrons used for generation of the sub-cube containing the result of the interpolation. The 
resulting sub-cube is then partitioned into tetrahedrons. Two of these tetrahedrons are then used to generate yet 
another sub-cube containing the result of the interpolation. The successive division of generated sub-cubes into tetra- 

55 hedrons is performed n times, where n is the number of bits used to represent each of the components of the lower 
order bits 10b of the input color space value 10. 

[0051] Shown in Figure 13 is representation of the outer bounds of a CMY or a RGB color space. As can be seen 
from Figure 13, the vertices of the cube 600 formed by the outer bounds of these color spaces include values corre- 
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spending to the constituent colors of each of the color spaces. A characteristic of the CMY and RGB color spaces is 
that the diagonal connected between the white 601 and black 602 vertices of the color space corresponds to the lumi- 
nance axis. Points along the luminance axis have values which correspond to various shades of gray. As previously 
mentioned, the higher order bits 10a of the input color space value 10 are used to access eight associated values form- 

5 ing a cube located within cube 600. Analogous to the cube 600 representing the CMY or RGB color space, each of the 
selected cubes can be regarded as a kind of miniature color space, with the values corresponding to each of the eight 
vertices having colors which are weighted toward the colors of the corresponding vertices of cube 600. For example, 
the vertex of the selected cube spatially corresponding to the yellow vertex 603 is the vertex having a value closest to 
the value for the color yellow within in the selected cube. The other seven vertices of the selected cube can be viewed 

10 similarly. The diagonal connecting vertex 0 and vertex 7 serves to define a constant chromance line between the colors 
associated with the vertices of the selected cube. 

[0052] Certain artifacts can arise from the reproduction of colors in the printing process. These artifacts are visually 
perceptible as colors which deviate from those specified by the color space value input to the printing process. The arti- 
facts are particularly noticeable for input color space values located near the luminance axis. Input color space values 

75 near the luminance axis correspond to shades of gray with small amounts of color. Factors in the color reproduction 
process which may push the resulting color farther off the luminance axis than intended are easily perceived in a gray 
field. The artifacts appear as colors in fields which should include only various shades of gray along the luminance axis. 
The artifacts can arise from, among other things, the characteristics of the process used few printing (such as an elec- 
trophotographic or inkjet printing process) or characteristics of the colorants (such as toner or ink) used in the printing 

20 process. Variability in the parameters of the printing process result in the reproduction of colors off the luminance axis 
when the result should have been gray. 

[0053] Tetrahedral interpolation, in some circumstances, reduces the degree to which these types of artifacts are per- 
ceivable. The reduction in print artifacts occurs because the value of one vertex of the sub-cube generated from the tet- 
rahedron is computed using the values associated with vertex number 0 and vertex number 7. As previously mentioned, 

25 the diagonal formed between vertex number 0 and vertex number 7 defines a constant chromance line for the selected 
cube. Computing a vertex of the sub-cube along this mid-point color boundary line produces a weighting in the interpo- 
lation which tends to reduce the rate of change in the output color space value as the input color space value 1 0 moves 
off the diagonal of the cube selected by the higher order bits 10a This in turn tends to somewhat compensate for the 
variability in printing process parameters which produce non-gray output with gray input color space values. 

30 [0054] Shown in Figure 1 4 is a graphical representation of the generation of a sub-cube 700 from a tetrahedron 701 . 
Each value of a vertex of the tetrahedron 701 used to compute the value of a vertex of the sub-cube 700 is also a value 
of a vertex of the cube 702 from which the tetrahedron 701 was partitioned. Let P[k] denote the value associated with 
vertex k of a cube. Let P'[k] denote the value associated with vertex k of a sub-cube included within the cube having 
vertex k. It can be shown that the value P'[k] is computed as: 

35 

P'[kMP[k & v(i)] + P[k|v(i)]} * 2 eqn. 8 

represents the bitwise AND operation 
"|" represents the bitwise OR operation 
40 n k" represents the vertex number 
v(i)=4xa(i) + 2 xb(i)+c(i) 

i represents the bit position in the lower order bits 10b in the input color space value 

[0055] The sub-cube generation that can be accomplished using equation 8 provides a new method of computing 
45 vertex values for a tetrahedral interpolation. By using equation 8, the indices used to access the values of the vertices 
used for computing the sub-cube vertex values can be computed. This provides an advantage over interpolation meth- 
ods that require accessing of a look-up table in order to determine the indices used to access the vertex values. The 
use of a look-ip table requires memory accesses. As a result, using a look-up table to generate the indices requires a 
significantly greater number of machine cycles than would be required using the processor to compute the indices. 
so Therefore, using equation 8 to compute the indices used to access the vertex values provides a substantial speed 
advantage in tetrahedral interpolation over previous methods of performing tetrahedral interpolation. Futhermore, 
implementing equation 8 in hardware for computation of the mutitplexer control inputs used to select the vertex values 
provides a simpler hardware implementation of tetrahedral interpolation. 

[0056] As was the case for pruned radial interpolation, the value of vertex number 0 of the last sub-cube generated 
55 is the result in the tetrahedral interpolation. It was recognized that not all the values of the vertices of all of the sub- 
cubes generated were required to generate the result of the interpolation. This led to the development of a further 
improvement in tetrahedral interpolation referred to as pruned tetrahedral interpolation. Shown in Figure 15 is a dia- 
grammatic representation of pruned tetrahedral interpolation. In Figure 15, the prime indicator associated with the term 
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representing the value of each vertex indicates the level of sub-cube generation. For example, terms designated as P'[ 
] represent vertex values after the first cube subdivision iteration, terms designated as PI ] represent vertex values after 
the second cube subdivision iteration. This method of designating vertex values applies for the generation of successive 
sub-cubes. Figure 1 5 represents the pruned tetrahedral interpolation using 4 bits for the lower order bits 1 0b of the input 

5 color space value 1 0. The terms shown in Figure 1 5 can be generated by starting with the end result of the interpolation 
P^O], and determining, successively, using equation 8, the values of the vertices of the previous sub-cube required to 
generate the values of the vertices of the current sub-cube until the values required to generate the current sub-cube 
are obtained by accessing the values of the vertices in cubic lattice 1 using higher order bits 10a. As was the case for 
pruned radial interpolation, the divide by 2 operation is not performed until the value of vertex number 0 of the final sub- 

w cube is obtained in order to prevent the accumulation of rounding errors. 

[0057] Pruned tetrahedral interpolation provides a substantial computational savings over tetrahedral interpolation. 
With d input dimensions, D output dimensions, and n lower order bits 10b, the number of computations required to per- 
form the pruned tetrahedral interpolation is computed as: 

15 rvl 

# of ALU Operations=n x [(2 x d) - 1] + 2 x [£ (2 f - 1) + D x (2 n + 1)] eqn. 9 



# of Memory Accesses = Dx [min(2 d , 2 n )] eqn. 10 

20 

It should be noted that, for these equations, the computations vary linearly as a function of d and D for the number of 
ALU operations, exponentially as a function of d for the number of memory accesses, and exponentially as a function 
of n tor the number of memory accesses. As shown in Figure 15, pruned tetrahedral interpolation is implemented so 

25 that 2 n memory references are required. However, it is possible to implement pruned tetrahedral interpolation so that 
the number of memory references required is a maximum of 2 d , which for d=3, is the number of vertices within a cube. 
This is done by recognizing that redundancy exists in the 2 n memory accesses. By using some of the accessed vertex 
values for multiple of the input values required in Figure 1 5 fewer memory accesses are required. Comparing equations 
9 and 10 with equations 4 and 5 it can be seen that, with all other things equal, pruned tetrahedral interpolation is more 

30 computationally costly than radial interpolation. 

[0058] Shown in Figure 1 6 is a high level flow diagram of a generalized method for performing tetrahedral interpola- 
tion. For this method, the input color space values 10 are formed of d components. Each of the d components is parti- 
tioned into a set of higher order bits 10a and lower order bits 10b. Each of the d sets of lower order bits 10b is formed 
of n bits. The d sets of lower order bits are each designated as 1b l( 1fc>2, 1b3.....1b d . The bit position of each 

35 of the lower order bits is designated from the most significant bit to the least significant bit by a value of i 
ranging, correspondingly from n-1 to 0. First, a value is computed 800 according to 
v[i]=2 x 1b 1 [i] + 2 d " 2 x lb 2 H + 2 d " 3 x 1b 3 [i]+...+ 2** x lb d [i] for i equal to n-1. Next, a set of AND values is 
computed 800 according to v[ij & k, for the value of k ranging from 2^1 to 0, where n &" represents the bitwise AND oper- 
ation. Then, a set of OR values is computed 802 according to v[i]|k for the value of k raging from 2 d -1 to 0, where T 

40 represents the bitwise OR operation. Next, 2 d pairs of the vertex values are selected 803 using the set of AND values 
and the set of OR values. Each of the pairs are selected using an AND value and an OR value computed for a corre- 
sponding value of k. Finally, a set of 2 d sums is computed 804 by summing each of the 2 d pairs of vertex values. 
[0059] The method shown in Figure 16 is for a single iteration of tetrahedral interpolation. Performing successive iter- 
ations would require computing additional values of v[i], computing additional AND and OR values, selecting values 

45 from 2? sums computed in the previous iteration using the additionally computed AND and OR values, and computing 
additional sets of ^ sums. After the final iteration of tetrahedral interpolation, each of the final 2 d sums is divided by 2 n 
(not shown in Figure 16), where n is the number of iterations, and one of the resulting values is selected as the result 
of the interpolation. The division by 2 n is done after the final iteration, instead of dividing by two after each iteration, to 
prevent round-off error accumulation. 

so [0060] Shown in Figure 17 is a hardware implementation of a tetrahedral interpolator 900 for conversion of input color 
space values 10 to a component of output color space values 1 1 . This same hardware could be used repetitively for an 
additional (D-1) passes to generate the remaining D-1 components of the output color space value 11. Or, there could 
be an additional (D-1) replications of part of the hardware implementation shown in Figure 17 to generate each of D 
components simultaneously. The hardware used for generating multiplexer control inputs could be used for each of the 

55 D replications. The tetrahedral interpolator 900 shown in Figure 17 corresponds to d=3 and n=4 for the input color 
space value 10. The hardware implementation shown in Figure 17 implements equation 8 for the generation of the sub- 
cube vertex values. The tetrahedral interpolator 900 of Figure 1 7 is formed from a first, second, third, and fourth stage 
901-904. Each of the four stages 901 -904 includes 2 3 adders, one of which is labeled as 905. Each of the four stages 
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901-904 further includes 2 x 2 s multiplexers, one of which is labeled as 906, arranged as 2 3 pairs of multiplexers. 
Finally, each of the four stages 901-904 includes 2 3 bitwise OR blocks, one of which is labeled as 907, and 2 bitwise 
AND blocks, one of which is labeled as 908. 

[0061 ] Each of stages 901 -904 performs an iteration of interpolation. Some interpolation applications may require that 
only a single iteration of interpolation be performed. For a single iteration of interpolation n=1. This corresponds to a 
hardware implementation of tetrahedral interpolator 900 using only first stage 901 . An additional stage would be added 
for each additional iteration of interpolation required for the particular application. 

[00621 Each of the inputs of the multiplexers in the first stage 901 are connected to the eight vertex values selected 
using higher order bits 10a. The two outputs of each pair of multiplexers in first stage 901 are connected to the first and 
second inputs of the corresponding adder. The output of each of the adders of the first stage 901 is the vertex value of 
the first sub-cube. As previously mentioned, the division by two for each iteration of sub-cube generation is deferred 
until the last sub-cube is generated. The vertex values of the last sub-cube generated are divided by 2 n , where n is the 
number of bits in the lower order bits of the input color space value and n corresponds to the number of stages in the 
tetrahedral interpolator. The inputs of each multiplexer for the second, third, and fourth stages 902-904 are coupled to 
the outputs of the adders of the previous stage. 

[0063] The control input of one the multiplexers of each pair of multiplexers is connected to the output of a bitwise OR 
block. The control input of the other one of each pair of multiplexers is connected to the output of a bitwise AND block. 
The multiplexers used in the tetrahedral interpolator 900 have the capability to select one of eight, eight bit values using 
a three bit control input. The bitwise OR blocks and the bitwise AND blocks each perform, respectively, bit by bit OR 
operations or AND operations on the values input to them. For this d=3 implementation of tetrahedral interpolator 900. 
each of the inputs to the bitwise OR blocks and bitwise AND is a 3 bit quantity. The output of each of the bitwise OR 
blocks and bitwise AND blocks to each of the multiplexers is a 3 bit quantity. The adders associated with each pair of 
multiplexers performs an addition of the selected eight bit values from each of the multiplexers. 
[0064] As indicated by equation 8, the vertex number corresponding to the vertex value generated is connected to 
one of the inputs for each corresponding bitwise OR block and bitwise AND block. Because these values are fixed they 
can be hardwired to the correct values. The other inputs for each corresponding pair of bitwise AND blocks and bitwise 
OR blocks in a stage are connected to the value of v[i] corresponding to the stage. For the first stage 901 , the value is 
v[3]. For the second stage 902, the value is v[2]. For the third stage 903, the value is v[1]. For the fourth stage 904, the 
value is v[0]. 

[0065] Interpolation is performed by supplying the vertex values selected using higher order bits 1 0a to the multiplexer 
inputs of the first stage 900 and supplying the appropriate v[0 values to the bitwise OR blocks and bitwise AND blocks 
of each stage. The tetrahedral interpolator 900 computes the vertex values for four iterations of sub-cube generation. 
The values P m, (7) through P M "(0) are the values of the vertices of the fourth sub-cube generated. In this embodiment, 
P m '(0) is selected, divided by 16, and used as the result of the interpolation. The division by 16 is implemented by shift- 
ing bits and is not represented in Figure 17. 

[0066] One of ordinary skill in the art will recognize that one of the other computed values P n "(7) through P""(1) may 
be selected, divided by 16, and used as the result of the interpolation. Using values corresponding to different vertices 
of the final sub-cube to generate the interpolation result will bias the result of the interpolation differently. This is a con- 
sideration in selecting which vertex value of the final sub-cube generated will be divided by 16 to generate the result of 
the interpolation. . 
[0067] Shown in Figure 1 8 is a hardware implementation of a pruned tetrahedral interpolator 1 000 for conversion of 
input color space values 1 0 to a component of output color space values 1 1 . This same hardware could be used repet- 
itively for an additional (D-1) passes to generate the remaining D-1 components of the output color space value 1 1 . Or, 
there could be an additional (D-1) replications of part of the hardware implementation shown in Figure 18 to generate 
each of D components simultaneously. The hardware used for generating multiplexer control inputs could be used for 
each of the D replications. The pruned tetrahedral interpolator 1000 shown in Figure 18 corresponds to d=3 and n=4 
for the input color space value 10. The pruned tetrahedral interpolator 1000 implements the diagrammatic representa- 
tion of pruned tetrahedral interpolation shown in Figure 15 The implementation of pruned tetrahedral interpolator 1000 
requires considerably less hardware than the implementation of tetrahedral interpolator 900. 

[0068] For d=3, bitwise AND blocks 1001 a through 1 001 k each perform a bit by bit AND operation on three bit input 
quantities to generate 3 bit output quantities. Likewise, for d=3. bitwise OR blocks 1 002a through 1002k each perform 
a bit by bit OR operation on 3 bit input quantities to generate 3 bit output quantities. Each of the 3 bit outputs of bitwise 
AND blocks 1001a-1001g and bitwise OR blocks 1002a-1002g is used to control the selection of one of eight, 8 bit 
quantities in the corresponding of multiplexers 1003a through 1003n. The outputs of each of multiplexers 1003a-1003o 
are connected to the inputs of adders 1004a-1 004h. 

[0069] An interpolation operation is performed using pruned tetrahedral interpolator 1 000 by supplying the vertex val- 
ues selected using higher order bits 10a to the inputs of multiplexers 1003a-1003o and supplying the computed values 
of v[i] to the inputs of bitwise OR blocks 1002a-1002k and bitwise AND blocks 1001a-1001k as shown in Figure 18. In 
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addition, a vertex value selected using higher order bits 1 0a is supplied to the input of adder 1 004h. Using the computed 
values of vfi], the bitwise AND blocks 1001a-1001k and the bitwise OR blocks 1002a-1002k compute the values input 
to the control inputs of multiplexers 1003a-1 003a Multiplexer 1 003o uses v[3] directly. The values selected by multiplex- 
ers 1003a-1003o are those necessary to compute the interpolation result according to the diagrammatic representation 
5 of pruned tetrahedral interpolation shown in Figure 15. The vertex values selected by multiplexers 1003a-1003o are 
sent to the inputs of adders 1 004a-1004h for summation. The output of the last adder in the chain of additions is divided 
by 16 and used as the result of the interpolation. The division by 16 is accomplished by bit shifting and is not shown in 
Figure 18. 

[0070] The pruned tetrahedral interpolator shown in Figure 1 8 is implemented for d=3 and n=4. For some applications, 
10 less than four iterations of interpolation may be sufficient Other applications may require more than four iterations of 
interpolation. The hardware implementation of pruned tetrahedral interpolation for d=3 and n=1 would use only a single 
adder and a single multiplexer to generate P(0), as shown in Figure 18. The hardware implementations for n=2 and n=3 
to generate, respectively, P"(0) and P m (0) as shown in Figure 18, require more bitwise AND blocks, bitwise OR blocks, 
multiplexers, and adders. 

is [0071] Shown in Figure 19 is a high level flow diagram of a generalized method for performing pruned tetrahedral 
interpolation. For this method, the input color space values 1 0 are formed of d components. Each of the d components 
is partitioned into a set of higher order bits 10a and lower order bits 10b. Each of the d sets of lower order bits 10b is 
formed of n bits. The d sets of lower order bits are each designated as Ibt.lb2.lb3,..., 1by. The bit position of each of 
the lower order bits is designated from the most significant bit to the least significant bit by a value of i ranging, corre- 

20 spondingly from n-1 to 0. First, 2 n -2 values are computed 1 100 according to the types of bitwise AND and bitswise OR 
operations shown in Figure 15with v^* 1 x 1b 1 [i] + 2 d ~ 2 x 1b 2 [i] + 2 d ' 3 x 1b 3 [i] + . ..+ 2^ x 1b d [i] for i ranging 
from n-1 to 0. Next, the minimum of 2 n and 2* 1 of interpolation data values are selected 1101 using unique ones of the 
2 n -2 values computed in step 1 100, a value of v[n-1], and higher order bits 10a. Then, the sum of the interpolation data 
values selected in step 1 101 is computed 1 102. 

25 [0072] The method shown in Figure 19 is for n iterations of pruned tetrahedral interpolation. The sum computed in 
step 1 102 is divided by 2 n to generate the result. This division is not shown in Figure 19. 

[0073] Shown in Figure 20 is a high level flow diagram of a method implemented in software to perform pruned tetra- 
hedral interpolation. First, a determination 1200 is made rf any one of the components of the input color space value (a, 
b, c) 1 0 corresponds to a location on an outer boundary of the cubic lattice 1 . This is the case if any one or more of the 

30 components of the input color space value has a value of FF hexadecimal. If this is the case, then, for purposes of gen- 
erating the index into the cubic lattice 1 to retrieve the necessary vertex values, the components of the input color space 
value 10 which have a value of FF hexadecimal are assigned 1201 a value of 100 hexadecimal. 
[0074] Next, the offsets from the origin of the cube in cubic lattice 1 accessed using higher order bits 1 0a and the sub- 
cubes generated during the pruned tetrahedral interpolation are computed 1202 using the relationships shown in the 

35 diagrammatic representation of the pruned tetrahedral interpolation of Figure 15. Then, the indices used to access the 
values corresponding to the required vertices of the selected cube in cubic lattice in a look-up table are computed 1 203. 
Finally, the values for each component of the output color space value (x, y, 2) 11 are computed 1204. Provided in Fig- 
ure 40 of this specification is the code of an implementation in C, for n=4, of the high level method of pruned tetrahedral 
interpolation shown in Figure 20. 

40 [0075] It is also possible to implement pruned tetrahedral interpolation in hardware. The computational efficiencies 
which existed in the software implementation of pruned tetrahedral interpolation are present in the hardware implemen- 
tation as reduced hardware requirements. As previously mentioned, shifts and concatenations are implemented without 
requiring additional hardware elements. The hardware functional blocks required to perform the pruned tetrahedral 
interpolation include adders, AND gates, OR gates, and multiplexers. With D dimensions in the output color space, d 

45 dimensions in the input color space, and n bits representing each group of lower order bits 1 0b of the input color space 
value, the requirements of the hardware implementation of the pruned subdivision interpolation can be computed as: 

#of Adders=D x 2 n eqn. 11 

so 

# of Multiplexers^ D x (2 n - 1) eqn. 12 

n-1 

#of Additional AND/OR Gates=d x {2x[(£(2* - 1)]} eqn. 13 

55 b.1 



[0076] To generate the gate level design necessary to implement the pruned radial interpolation in hardware, a com- 
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monly used hardware description language, such as VHDL, may be used. Included in Figure 41 is a listing ol the VHDL 
code which can generate a hardware implementation of pruned radial interpolation. 

[0077] As previously discussed, radial interpolation can result in print artifacts in conversions between the RGB and 
CMY color spaces for certain input color space values. Because of these print artifacts, a tetrahedral interpolation may 
yield more desirable results. To reduce complexity, the tetrahedral interpolation can be implemented using pruned tet- 
rahedral interpolation, although this interpolation technique is still more computationally intensive than the radial inter- 
polation. 

[0078] However, for conversions between other color spaces (such as CieLab, LUV. or YC b C r ) the radial interpolation 
may be preferable because it yields adequate results and is very computationally efficient. Additionally, it is possible that 
radial interpolation may actually produce more pleasing results than tetrahedral interpolation in some cases. If the inter- 
polation methods are implemented in software, using alternative methods is easily done by calling different routines. 
However, implementing different interpolation methods in hardware can require separate logic. Because the separate 
hardware implementations of the two interpolation techniques are under utilized, this solution is expensive. 
[0079] A common hardware implementation provides the capability for alternatively performing radial interpolation 
and pruned tetrahedral interpolation with less hardware than a separate hardware implementation of these interpolation 
techniques. Shown in Figure 21 is a diagrammatic representation of a common radial interpolation and pruned tetrahe- 
dral interpolation implementation. As indicated in Figure 21 , the interpolation technique performed is determined by the 
vertex values which are input to the hardware. Usually, the number of bits used to express each v(i) term is fewer than 
the number of bits used to express each of the P[v(i)] terms. Because of this, it is generally less complex to multiplex 
the v(i) terms prior to the memory access to retrieve the values associated with the P[v(i)] terms. 
[0080] It should be noted from Figure 21 that two of the vertex values used for both the radial interpolation and the 
pruned tetrahedral interpolation are the same for all values of n. Therefore, a common hardware implementation of 
radial interpolation and pruned tetrahedral interpolation requires an additional 2 n -2 multiplexers (each having d control 
bits) to be added to the hardware implementation of the pruned tetrahedral interpolation. Included in Figure 42 is the 
VHDL code for a hardware implementation of common radial interpolation and pruned tetrahedral interpolation. 
[0081] Shown in Figure 22 is a hardware implementation of a common pruned radial and pruned tetrahedral interpo- 
lator 1300. The hardware implementation of common pruned radial and pruned tetrahedral interpolation is similar to 
that of pruned tetrahedral interpolation. The difference is the addition of 1 4 multiplexers 1 301 a-1 301 n used to select the 
data to the control inputs of multiplexers 1302a-1302n. A single bit is used to control the selection of the data at the 
inputs of multiplexers 1 30 1 a-1 301 n. The single bit controls whether the multiplexer control inputs to multiplexers 1 302a- 
1302n are for pruned tetrahedral interpolation or for pruned radial interpolation. The multiplexer control input for multi- 
plexers 1302a-1302n determines which of the interpolation data values are coupled to the adders. With the bit in the 
first of its two states, the hardware of Figure 22 performs as a pruned radial interpolator. With the bit in the second of 
its two states, the hardware of Figure 22 performs as a pruned tetrahedral interpolator. 

[0082] The control bit for multiplexers 1301 a-1 301 n is used to select between values of v(i) and values computed 
using bitwise OR blocks 1303a-1303k and bitwise AND blocks 1304a-1304k. Adders 1305a-1305o sum the outputs of 
mulitplexers 1302a-1302o. By shifting bits, the resulting sum is divided by 16 (not shown in Figure 22) to generate the 
result. 

[0083] The hardware of Figure 22 could be used repeatitively for an additional (D-1 ) passes to generate the remaining 
D-1 components of the output color space value 1 1. Or, there could be an additional (D-1) replications of part of the 
hardware implementation shown in Figure 22 to generate each of D components simultaneously. The hardware used 
for generating multiplexer control inputs could be used for each of the D replications. The common pruned radial and 
pruned tetrahedral interpolator 1300 shown in Figure 22 corresponds to d=3 and n=4 for the input color space value 1 0. 
The common pruned radial and pruned tetrahedral interpolator 1300 implements the diagrammatic representation of 
common pruned radial and pruned tetrahedral interpolation shown in Figure 21 . 

[0084] In the interpolation process, the higher order bits 10a of an input color space value 10 form an index used to 
access interpolation data values. The interpolation is performed using the lower order bits 10b of the input color space 
value. As previously mentioned, the accessed values correspond to the vertices of a cube in a cubic lattice 1 . Depend- 
ing upon the characteristics of the output color space, the values associated with the vertices of the accessed cube may 
vary at rates dependent upon the dimension of cubic lattice 1 or dependent upon the region of the cubic lattice 1 in 
which the selected cube is located. Because of this possibility, improved interpolation results may be produced by var- 
ying the interpolation resolution between values of the vertices throughout cubic lattice 1 corresponding to the varying 
rates of change between vertex values. Adjusting the interpolation resolution based upon the location of the selected 
cube within cubic lattice 1 can be implemented by allowing the partitioning of the input color space value 10 into upper 
order bits 10a and lower order bits 1 0b to vary In regions of cubic lattice 1 having high non-linear rates of change in the 
values of the vertices, the differences between the values of the vertices would be relatively large using a number of 
bits not adapted to the cola space characteristics to represent each component of the upper order bits 10a. To reduce 
the values between the vertices, a larger number of bits are used to represent the components of the higher order bits 
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10a. Consequently, in these regions a smaller number of bits are used to represent the lower order bits 10b. For regions 
of cubic lattice 1 having lower rates of change or more linear rates of change in the values of the vertices, the differ- 
ences between the values of the vertices using a number of bits not adapted to the color space characteristics to rep- 
resent each component of the upper order bits 10a would be relatively small or relatively linear. To increase the values 

5 between the vertices a smaller number of bits are used to represent the components of the higher order bits 10a. 
[0085] To implement an interpolation technique which can support a varying interpolation resolution over the output 
color space represented by cubic lattice 1 , the interpolation technique must accommodate the changing number of bits 
used to represent the components of the lower order bits 10b. To accomplish this, a value, (n, p, q), is defined so that n 
bits are used to interpolate between lattice points in the "a" dimension, p bits are used to interpolate between lattice 

10 points in the b dimension, and q bits are used to interpolate between lattice points in the c dimension, ft is possible to 
constrain the values of each of the n, p, and q so that they are fixed over the entirety of cubic lattice 1 or to permit each 
of the values of the n, p. and q to vary independently or co-dependently throughout regions of the cubic lattice 1 . 
[0086] Shown in Figure 23a through Figure 23e is a graphical representation of a non-symmetric radial interpolation 
process that uses 4 bits to represent the a^ component, 3 bits to represent the component, and 2 bits to represent 

75 the q , component of the lower order bits 1 0b of the input color space value. The first iteration of the cube subdivision 
is the selection of a sub-cube occupying one half of the cube selected by the higher order bits 10a using the bit from a 1 
corresponding to the i=3 position. There are no bits present for the b-\ and the Cj for the i=3 position. The second itera- 
tion of cube subdivision is the selection of a sub-cube occupying one fourth of the previous sub-cube using one bit each 
from a-i and from b v The third iteration of cube subdivision is the selection of a sub-cube occupying one eighth of the 

20 previous sub-cube using one bit each from a A , bj , and Cj . The fourth iteration of cube subdivision is also the selection 
of a sub-cube occupying one eighth of the previous sub-cube using one bit each from a 1t b 1f and c v As can be seen 
from this, the number of bits of the components of the lower order bits 10b available to generate the sub-cube deter- 
mines the fraction of the cube used to generate the sub-cube occupied by the sub-cube. 

[0087] Shown in Table 4 and equations 14 through 19 are the relationships necessary to calculate the values of the 
25 sub-cube vertices for each iteration of radial sub-cube generation. Equations 14 through 19 generate the values used 
in the relationships shown in table 4 so that the correct sub-cube vertex values will be generated with or without the cor- 
responding bits of a 1t b 1t and c 1t present for that iteration of sub-cube generation, rf for a given iteration of sub-cube 
generation, a bit in any one or more of a 1 . b 1 , or d is not present, equation 1 9 will generate the number of the vertex of 
the cube used in generating a vertex value of the sub-cube to compensate for the missing brt(s). 
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Mask a =(2 n -1) 



eqn. 14 



35 



Mask b =(2 p -1) 
Mask c =(2 q -1) 



eqn. 15 



eqn. 16 



m[i]=(4 x Mask a [i]) + (2 x Mask b [i]) + Mask c [i] 



eqn. 17 



v[i]=m[i] & {(4 x aflD + (2 x b[i]) + c[i]} 



eqn. 18 



40 



f(N,i)=v[i]|(N &~ m[i]) 



eqn. 19 



45 



Table 4 



55 



SO 



P'[7MPm + P[f(7.Q]}*2 
P[6]={P[6] + P[f(6.0]}^2 
P[5]={P[5] + P[f(5,i)]}^2 
P[4]={P[4] + P[f(4,i)]}^2 
P[3HP[3] + P[f(3,i)]}^2 
P'[2]={P[2] + P[f(2,i)]}^2 
P'[1HP[1) + P[f(1.i)]}*2 
P[OHP[0] + P[f(0.i)]}^2 
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[0088] Shown in Figure 24 is a graphical representation of the generation of a sub-cube 1 400 from a cube 1 401 using 
non-symmetric radial sub-cube generation. On the particular iteration of the sub-cube generation shown in Figure 15, 
the bit corresponding to the iteration for components and ci is not present. Therefore, the relationships in table 4, 
with f(N,i) calculated for the bits of bj and c A corresponding to the iteration not present, dictate that the vertex values 
5 P*[7], P'[6] ( P'[5], and P*[4] are calculated as the average of the values of the two vertices vertically aligned with each of 
P'[7], P'[6], P'[5], and P'[4]. The computation of vertex values for other combinations in which each of a-,, b 1( or c-, are 
present or not present is handled analogously by equation 19. 

[0089] Shown in Figure 25 is a diagrammatic representation of the non-symmetric pruned radial interpolation compu- 
tation. The number of computations required to perform the non-symmetric pruned radial interpolation is computed as: 

10 

n-1 

# ALU operations={n x [(4 x d) - 1]} + {3 x [2 °" 1 x £ (1 - 2')] + [D x (2 n + 1)]-1 eqn. 20 

i = 1 



In Figure 25, 2 n memory references are shown. However, a selected cube has a maximum of 2 d vertex values, where 
d is the number of dimensions of the input color space value 10. Therefore, some of the 2 n (16 values for n=4) values 
shown at the inputs to the diagram of Figure 25 are redundant It follows that for 2 n greater than 2 d , the number of mem- 
ory accesses performed can be limited to the number of vertices in the cube for each dimension of the output of color 
20 space. Therefore, the number of memory accesses required for D dimensions in the output color space is: 

# Memory accesses=D x min(2 d , 2 n ) eqn. 21 

25 [0090] Shown in Figure 26 is a high level flow diagram of a generalized method for performing non-symmetric pruned 
radial interpolation. For this method, the input color space values 1 0 are formed of d components. Each of the d com- 
ponents is partitioned into a set of higher order bits 1 0a and lower order bits 1 0b. The d sets of lower order bits are each 
designated as 1b 1 .1b2,1b 3 ,...,1b d . Each of the d sets of lower order bits 10b is formed from respectively, of n lt n 2 , 
n 3 ,...n d bits. The bit position of each of the d sets of lower order bits is designated from the most significant bit to the 

30 least significant bit by corresponding values of i 1( i 2 , i3-»d each ranging, correspondingly, from n r 1 to 0, n 2 -1 to 0, n 3 - 
1 to 0,...n d -1 to 0. First, a set of 2 n -n-1 values is computed 1500 using f (N, i)=v[i]|(N &~m[i]), where 
m[i] = 2* 1 x Mask^i] + 2* 2 x Mask 2 [i] +2* 3 x Mask 3 [i] +...+ 2^ x Masyi]. For this computation the values of 
Maskj=2 k - 1 are each computed for a value k selected from n ^ n 2 , n 3 , . . .r^ with the value of j corresponding to the value 
of the subscript of the selected one of n-, , n 2 . ^...1^. The values of j range from 1 to d. The values of vp] are computed 

35 as m[i] & (2 d " 1 x Ib^i] + 2 d " 2 x Ib^p] + 2 d ' 3 x H^p] +...+ 2 d " d x 1b d [i]) for values of i ranging from n-1 to 0, where n equals 
the greatest of n 1 , n 2 , n^...^. The value of N corresponds to the vertex numbers ranging from 1 to 2 d . Next, a number 
of interpolation data values, equal to the minimum of 2" and 2* are selected 1501 using the unique values in the set of 
2 n -n-1 values, values of v[i] for i ranging from n-1 to 0, and the d sets of higher order bits. Finally, the selected interpo- 
lation data values are added 1502 to generate a sum. To avoid roundoff error the generated sum is divided by 2 n . This 

40 step is not shown in Figure 26. 

[0091] Shown in Figure 27 is a high level flow diagram of method implemented in software to perform non-symmetric 
radial interpolation. First, the mask values are generated 1600 for each component of the input color space value 10. 
Next, a determination 1601 is made if any one of the components of the input color space value (a, b,c) 10 corresponds 
to a location on an outer boundary of the cubic lattice 1 . This is the case if any one or more of the components of the 

45 input color space value has a value of FF hexadecimal. If this is the case, then, for purposes of generating the indices 
to retrieve the necessary vertex values, the components of the input color space value 1 0 which have a value of FF hex- 
adecimal are assigned 1602 a value of 100 hexadecimal. Then, the values of each of the m[i] and v[i] are computed 
1 603. Next, the indices used to access each of the vertex values used for the interpolation are computed 1 604. Finally, 
each of the components of the output color space value are computed 1605 using the values accessed by the indices 

so computed in step 1604. 

[0092] Included in Figure 43 is a listing in C of the code for a software implementation of non-symmetric radial inter- 
polation. For the non-symmetric radial interpolation, the computed indices correspond to offsets from the origin of the 
cube selected by the higher order bits 1 0a. Because of the changing resolution used throughout the output color space, 
the values of the vertices for three cubes (one cube for each dimension of the output color space) selected by the higher 
55 order bits 10a is passed into the routine of Figure 43 each time color space conversion is performed on input color 
space value 10. This is different than the code fa the pruned radial and pruned tetrahedral interpolation in which the 
color table is passed as an array into the routine and indices into this table are computed in the routine. It is also possi- 
ble to implement non-symmetric radial interpolation in hardware. As previously mentioned, shifts and concatenations 
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are implemented without requiring additional hardware elements. The hardware functional blocks required to perform 
the non-symmetric radial interpolation include adders, AND gates. OR gates, and multiplexers. With D dimensions in 
the output color space, d dimensions in the input color space, and n bits representing the maximum number of bits used 
to represent one of the components of the input color space value, the requirements of the hardware implementation of 
5 the non-symmetric radial interpolation can be computed as: 

# of Adders=D x [(2 n - 1) + 1] eqn. 22 

10 # of Multiplexers=D x (2 n - 1 ) eqn. 23 

# of additional AND/OR Gates=(3 x d) x {(2 n - 1) x £(1 - 2'')} eqn. 24 

M 

15 

[0093] To generate the gate level design necessary to implement the non-symmetric pruned radial interpolation in 
hardware, a commonly used hardware description language, such as VHDL, may be used. Included in Figure 44 is a 
listing of the VHDL code which can generate a hardware implementation of non-symmetric pruned radial interpolation. 

20 [0094] Shown in Figure 28 is a hardware implementation of a non-symmetric pruned radial interpolator 1 700. Control 
input computation blocks 1701 a-1 701 k compute the values used by the control inputs of multiplexers 1 702a-1 702o that 
are coupled to control input computation blocks 1701a-1701k. Each of control input computation blocks 1701a-170lk 
performs the computations of equations 14-19 on the input to that control input computation block. As shown in Figure 
28, some of the control inputs of multiplexers 1 702a-1 702o use values of v[i]. Adders 1 703a-1 703o sum the outputs of 

25 multiplexers 1 702a-1702o. This sum is divided by 2 n through bit shifting (not shown in Figure 28) to generate the inter- 
polation result. 

[0095] The hardware of Figure 28 could be used repeatitively for an additional (D-1) passes to generate the remaining 
D-1 components of the output color space value 1 1. Or, there could be an additional (D-1) replications of part of the 
hardware implementation shown in Figure 28 to generate each of D components simultaneously. The hardware used 
30 for generating multiplexer control inputs could be used for each of the D replications. The non-symmetric pruned radial 
interpolator 1 700 shown in Figure 28 corresponds to d=3 and the maximum one of n-j , n 2 , n 3 ,...nd equal to 4 for the input 
color space value 10. The non-symmetric pruned radial interpolator 1700 implements the diagrammatic representation 
of pruned tetrahedral interpolation shown in Figure 25. 

[0096] Shown in Figure 29 is a high level flow diagram of a generalized method for performing non-symmetric radial 

35 interpolation using the equations of table 4. First, a first set of 2 d values are computed 1 800 using f (N, i)=v[i]|(N &~m[i]). 
Next. 2^ pairs of interpolation data values are selected 1801 with each pair formed from the interpolation data value 
selected using one of the f irst set of 2 d values and the interpolation data value corresponding the vertex designated by 
the value of N. Finally. 2 d sums are computed 1802 from the selected 2? pairs of interpolation data values. 
[0097] The method shown in Figure 29 is for a single iteration of non-symmetric radial interpolation. It should be rec- 

40 ognized that further iterations would be performed by repeating the steps of Figure 29 with the successive sets of 2°* 
values computed using f (N,i) for values of v[i] and m[i] corresponding to successively decremented values of i. selecting 
successive sets of 2 d pairs of values from the previously computed set of 2 d sums, and computing successive sets of 
2 d sums from the successive sets of 2? pairs of values. After performing n iterations, where n equals the greatest of n 1( 
r^, n 3 ,...n d , one of the 2* sums of the last set computed is divided by 2 n to generate the result. The division by 2 that 

45 could be performed after each iteration is delayed until after the final iteration to avoid round-off error. 

[0098] Shown in Figure 30 is a hardware implementation of a non-symmetric radial interpolator 1900 for conversion 
of input color space values 10 to a component of output color space values 11. This same hardware could be used 
repeatitively for an additional (D-1) passes to generate the remaining D-1 components of the output color space value 
1 1 . Or, there could be an additional (D-1) replications of part of the hardware implementation shown in Figure 30 to gen- 

50 erate each of D components simultaneously. The hardware used for generating multiplexer control inputs could be used 
for each of the D replications. The non-symmetric radial interpolator 1900 shown in Figure 30 corresponds to d=3 and 
n=4, where n equals the greatest of n v n 2 , n 3t ...n d , for the input color space value 10. The hardware implementation 
shown in Figure 30 implements equations 14-19 and the equations of table 4 for the generation of the sub-cube vertex 
values. The non-symmetric radial interpolator 1900 of Figure 30 is formed from a first, second, third, and fourth stage 

55 1901-1904. Each of the four stages 1901-1904 includes 2 3 adders, one of which is labeled as 1905. Each of the four 
stages 1901-1904 further includes 2 3 multiplexers, one of which is labeled as 1906. Finally, each of the four stages 
1901-1904 includes 2 3 control input computation blocks for performing the computations of equations 14-19 with the 
indicated inputs. One of these control input computations blocks is labeled as 1907. 
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[0099] Each of stages 1 901 -1 904 performs an iteration of interpolation. Some interpolation applications may require 
that only a single iteration of interpolation be performed. For a single iteration of interpolation n=1 . This corresponds to 
a hardware implementation of non-symmetric radial interpolator 1900 using only first stage 1901. An additional stage 
would be added for each additional iteration of interpolation required for the particular application. 
[01 00] Each of the inputs of the multiplexers in the first stage 1 901 are connected to the eight vertex values selected 
using higher order bits 10a. The outputs of each multiplexer in first stage 1901 are connected to the first input of the 
corresponding adder. The second input of the adder is connected to the value corresponding to the number of the ver- 
tex equal to one of the inputs of the corresponding control input computation blocks. The output of each of the adders 
of the first stage 1901 is a vertex value of the first sub-cube. As previously mentioned, the division by two for each iter- 
ation of sub-cube generation is deferred until the last sub-cube is generated. The vertex values of the last sub-cube 
generated are divided by 2 n , where n corresponds to the number of stages in the non-symmetric radial interpolator. The 
inputs of each multiplexer for the second, third, and fourth stages 1902-1904 are coupled to the outputs of the adders 
of the previous stage. 

[0101] The control input of each multiplexer is connected to the output of the corresponding control input computation 
block. The multiplexers used in the non-symmetric radial interpolator 1900 have the capability to select one of eight, 
eight bit values using a three bit control input. For this d=3, n=4 implementation of non-symmetric radial interpolator 
1900, each of the inputs to the control input computation blocks is a 3 bit quantity. The output of each of the control input 
computation blocks is a 3 bit quantity. The adders associated with each multiplexer performs an addition of the selected 
eight bit values from each of the multiplexers. 

[0102] Interpolation is performed by supplying the vertex values selected using higher order bits 10a to the multiplexer 
inputs of the first stage 1901. The inputs to the control input computation blocks are hardwired. The non-symmetric 
radial interpolator 1900 computes the vertex values for four iterations of sub-cube generation. The values P""(7) 
through P""(0) are the values of the vertices of the fourth sub-cube generated. In this embodiment. P""(0) is selected, 
divided by 16, and used as the result of the interpolation. The division by 16 is implemented by shifting bits and is not 
represented in Figure 30. 

[0103] One of ordinary skill in the art will recognize that one of the other computed values P""(7) through P (1) may 
be selected, divided by 16, and used as the result of the interpolation. Using values corresponding to different vertices 
of the final sub-cube to generate the interpolation result will bias the result of the interpolation differently. This is a con- 
sideration in selecting which vertex value of the final sub-cube generated will be divided by 16 to generate the result of 
the interpolation. 

[0104] Pruned tetrahedral interpolation can be adapted for implementation in a color space represented by a non- 
symmetric cubic lattice. As was the case for pruned tetrahedral interpolation, the vertices of the sut>cube generated 
are computed using the vertices of a tetrahedron partitioned from the cube used to generate the sub-cube. However, 
for some iterations of sub-cube generation, the corresponding bits of each of the a 1 , b 1 , and components may not be 
present. For these cases, the computation of the sub-cube vertices must be modified to compensate for the missing 
corresponding bits in one or more of the a 1( b 1( and components. 

[0105] Shown in Table 5 and equations 25 and 26 are the relationships necessary to calculate the values of the sub- 
cube vertices for non-symmetric pruned tetrahedral sub-cube generation. Equations 25 and 26 along with equations 14 
through 1 8 are used to generate the proper values so that in the relationships listed in table 5, the correct sub-cube ver- 
tex values will be generated with or without the bits of a 1 , b A . and c A corresponding to that iteration of sub-cube gener- 
ation present. If for a given iteration of sub-cube generation, a bit in any one or more of a 1t b,. and Cj is not present, 
equation 25 and equation 26 will generate the number of the vertex of the cube used in generating a vertex value of the 
sub-cube so that compensation is made for the missing bit(s). 

g(N,t)=(vp]| - m[fl & N) eqn- 25 

h(N,i)=(v[i]|N) e<1 n - 26 



Table 5 

PI7] = {P[g(7.0] + P[h(7,i)]}^2 
P16]={P[g(6,i)] + P[h(6,i)]}^2 
P15]={P[g(5,i)] + Pth(5.i)]}^2 
PT4]={P[g(4j)] + P[h(4,i)]}^2 
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Table 5 (continued) 
P , [3]={P[g(3.i)] + P[h(3.i)]}^2 
P'[2]={P[g(2j)] + P[h(2.i)]}^2 
P , [1HP[g(1.')] + Pth(1j)]}^2 
P , [0]={P[g(0,i)] + P[h(0j)]}^2 

[01 06] Although Figure 24 provides a graphical representation of the generation of a sub-cube 1 400 from a cube 1 401 
using non-symmetric radial sub-cube generation, Figure 24 can also provide a graphical representation of non-symmet- 
ric pruned tetrahedral sub-cube generation. On the particular iteration of the sub-cube generation shown in Rgure 24, 
the bit corresponding to the iteration for components b 1 and , is not present. Therefore, the relationships in table 5, 
with g(N,i) and h(N,i) calculated for the corresponding bits of bj and c n not present dictate that the vertex values P'[7], 
P'[6], P'[5], and P [4] are calculated as the average of the values of the two vertices vertically aligned with each of P'[7J. 
P*[6], P*[5], and P [4]. The computation of vertex values for other combinations in which each of a 1 , , or are present 
or not present is handled analogously by equations 25 and 26. 

[0107] Shown in Figure 31 is a diagrammatic representation of the non-symmetric pruned tetrahedral interpolation 
computation. The number of computations required to perform the non-symmetric pruned tetrahedral interpolation is 
computed as: 

n-1 

# of ALU operatk>ns=n x [(4 x d) - 1] + 4 x {2 n " 1 x £ (1 - 2 "')} eqn. 27 



# of Memory accesses=D(min(2 d , 2 n ) eqn. 28 

[01 08] Shown in Figure 32 is a high level flow diagram of a generalized method for performing non-symmetric pruned 
tetrahedral interpolation. For this method, the input color space values 10 are formed of d components. Each of the d 
components is partitioned into a set of higher order bits 10a and lower order bits 1 0b. The d sets of lower order bits are 
each designated as 1b 1 ,1b 2 ,1b 3 ....,1b d . Each of the d sets of lower order bits 10b is formed from, respectively, of n 1( fy, 
ng,...^ bits. The bit position of each of the d sets of lower order bits is designated from the most significant bit to the 
least significant bit by corresponding values of i 1( i 2 . 13 . ^ each ranging, correspondingly, from n r 1 to 0, n 2 -1 to 0. n 3 - 
1 to0,...n d -1 toO. 

[0109] First, a set of 2 n -2 values is computed 2000 using g(N. i)=(v[i]|~m[i] & N) and h(N,i)=(v[i]|N), where 
mp]=2 d * 1 x Mask^i] +2 d * 2 x Mask 2 [i] + 2 d_3 x Mask 3 [i] +...+ 2^ x Mask d [i] . For this computation the values of 
Mask p2 k -1 are each computed for a value kselected from ^ , rig, n 3 , ...n^ with the value of j corresponding to the value 
of the subscript of the selected one of n t , n 2 , n 3 , .. .r^. The values of j range from 1 to d. The values of v[i] are computed 
as m[i] & (2* 1 x ib^i] + 2 d " 2 x ^[i] + 2 d_3 x lb3p] +...+ 2 d ' d x lb d [i]) for values of i ranging from n-1 to 0, where n equals 
the greatest of n 1p n 2 , ^,...1^,. The value of N corresponds to the vertex numbers ranging from 1 to 2 d . Next, a number 
of interpolation data values, equal to the minimum of 2 n and 2^ are selected 2001 using the unique values in the set of 
2 n -2 values, a value of vfj] for i in the range from n-1 to 0, and the d sets of higher order bits. Finally, the selected inter- 
polation data values are added 2002 to generate a sum. To avoid roundoff error the generated sum is divided by 2 n . 
This step is not shown in Figure 32. 

[01 1 0] Shown in Rgure 33 is a high level flow diagram of a method implemented in software to perform non-symmetric 
pruned tetrahedral interpolation. First, the mask values are generated 21 00 for each component of the input color space 
value 10. Next, a determination 2101 is made if any one of the components of the input color space value (a, b, c) 10 
conesponds to a location on an outer boundary of the cubic lattice 1 . This is the case if any one or more of the compo- 
nents of the input color space value has a value of FF hexadecimal. If this is the case, then, for purposes of generating 
the index into the cubic lattice 1 to retrieve the necessary vertex values, the components of the input color space value 
10 which have a value of FF hexadecimal are assigned 2102 a value of 100 hexadecimal. Then, the values of each of 
the m[i] and v[i] are computed 2103. Next, the indices used to access each of the vertex values used for the interpola- 
tion are computed 2104 using g (N,i) and h (N,i). Finally, each of the components of the output color space value are 
computed 2105 using the values accessed by the indices computed in step 2104. 

[01 1 1 ] Included in Figure 45 is a listing of the code for a software implementation of non-symmetric pruned tetrahedral 
interpolation in C. For the non-symmetric pruned tetrahedral interpolation, the computed indices correspond to offsets 
from the origin of the cube selected by the higher order bits 10a. Because of the changing resolution used throughout 
the output color space, the values of the vertices for three cubes (one cube for each dimension of the output color 



21 



EP 0 923 049 A2 

space) selected by the higher order bits 10a is passed into the routine of Figure 45 each time color space conversion 
is performed on an input color space value 1 0. This is different than the code for the pruned radial and pruned tetrahe- 
dral interpolation in which the color table is passed as an array into the routine and indices into this table are computed 
in the routine. 

[0112] It is also possible to implement non-symmetric pruned tetrahedral interpolation in hardware. As previously 
mentioned, shifts and concatenations are implemented without requiring additional hardware elements. The hardware 
functional blocks required to perform the non-symmetric pruned tetrahedral interpolation include adders. AND gates, 
OR gates, and multiplexers. With D dimensions in the output color space, d dimensions in the input color space, and n 
bits representing the maximum number of its used to represent one of the components of the input color space value, 
the requirements of the hardware implementation of the non-symmetric pruned tetrahedral interpolation can be com- 
puted as: 

#of Adders=Dx2 n eqn.29 



# of Multiplexers=D x (2 n - 1 ) eqn. 30 

# of Additional AND/OR Gates=(4 x d) x {2 n1 x £ (1 - 2"')} eqn. 31 



[01 1 3] To generate the gate level design necessary to implement the non-symmetric pruned tetrahedral interpolation 
in hardware, a commonly used hardware description language, such as VHDL. may be used. Included in Figure 46 is 
a listing of the VHDL code which can generate a hardware implementation of non-symmetric pruned tetrahedral inter- 
polation. 

[0114] Shown in Figure 34 is a hardware implementation of a non-symmetric pruned tetrahedral interpolator 2200. 
Control input computation blocks 2201a-2201v compute the values used by the control inputs of multiplexers 2202a- 
2202n. The control input computation blocks 2201a-2201v apply the functions of equations 25 and 26. as indicated in 
Figure 34 to compute the control inputs for multiplexers 2202a-2202n. As shown in Figure 34, multiplexer 2202o uses 
a value of v[i] for its control input. Each of mulitplexers 2202a-2202o select from eight interpolation data values selected 
using higher order bits 10a. Adders 2203a-2203o sum the outputs of multiplexers 2202a-2202o. This sum is divided by 
2 n through bit shifting (not shown in Figure 34) to generate the interpolation result 

[01 1 5] The hardware of Figure 28 could be used repeatitively for an additional (D-1 ) passes to generate the remaining 
D-1 conponents of the output color space value 1 1. Or. there could be an additional (D-1) replications of part of the 
hardware implementation shown in Figure 28 to generate each of D components simultaneously The hardware used 
for generating multiplexer control inputs could be used for each of the D replications. The non-symmetric pruned tetra- 
hedral interpolator 2200 shown in Figure 34 corresponds to d=3 and the maximum one of n v n 2 , rv-.nd equal to 4 for 
the input color space value 10. The non-symmetric pruned tetrahedral interpolator 2200 implements the diagrammatic 
representation of non-symmetric pruned tetrahedral interpolation shown in Figure 31 . Shown in Figure 35 is a high level 
flow diagram of a generalized method for performing non-symmetric tetrahedral interpolation. First, a first and a second 
set of 3 d values are computed 2300 using, respectively g (N.i) and h (N.i). Next. & pairs of interpolation data values are 
selected 2301 using the first and second set of values. Finally a set of 2 d sums are computed 2302 using the 2 d pairs 
of interpolation data values. 

[01 1 6] The method shown in Figure 35 is for a single iteration of non-symmetric tetrahedral interpolation. It should be 
recognized that further iterations would be performed by repeating the steps of Figure 35 with the successive sets of 2 d 
values computed using g (N.i) and h (N.i) for values of v[i] and m[i] corresponding to successively decremented values 
of i, selecting successive sets of 2 d pairs of values from the previously computed set of 2 d sums and computing suc- 
cessive sets of 2 d sums from the successive sets of 2 d pairs of values. After performing n iterations, where n equals the 
greatest of n 1 , n 2 . n 3 ,... n d , one of the 2? sums of the last set computed is divided by 2 n (not shown in Figure 35) to gen- 
erate the result. The division by 2 that could be performed after each iteration is delayed until after the final iteration to 
avoid round-off error. 

[01 1 7] Shown in Figure 36 is a hardware implementation of a non-symmetric tetrahedral interpolator 2400 for conver- 
sion of input color space values 1 0 to a component of output color space values 1 1 . This same hardware could be used 
repeatitively for an additional (D-1) passes to generate the remaining D-1 components of the output color space value 
1 1 . Or, there could be an additional (D-1 ) replications of part of the hardware implementation shown in Figure 36 to gen- 
erate each of D components simultaneously. The hardware used for generating multiplexer control inputs could be used 
for each of the D replications. The non-symmetric tetrahedral interpolator 2400 shown in Figure 36 corresponds to d=3 
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and n=4, where n equals the greatest of n 1( r^, n 3 ,...n d , for the input color space value 10. The hardware implementa- 
tion shown in Figure 36 implements equations 25 and 26 and the equations of table 5 for the generation of the sub-cube 
vertex values. The non-symmetric tetrahedral interpolator 2400 of Figure 36 is formed from a first, second, third, and 
fourth stage 2401 -2404. Each of the four stages 2401-2404 includes 2 3 adders, one of which is labeled as 2405. Each 
of the four stages 1901-1904 further includes 2 x 2 3 multiplexers, one of which is labeled as 2406. The multiplexers for 
each stage are arranged into 2 3 pairs. Finally, each of the four stages 2401-2404 includes 2 3 control input computation 
blocks for computing g (N.i) and 2 3 control input computation blocks for computing h (N.i). One of the control input com- 
putation blocks for computing g (N ( i) is labeled as 2407 and one of the control input computation blocks for computing 
h (N.i) is labeled as 2408. 

[01 1 8] Each of stages 240 1-2404 performs an iteration of interpolation. Some interpolation applications may require 
that only a single iteration of interpolation be performed. For a single iteration of interpolation n=1 . This corresponds to 
a hardware implementation of non-symmetric tetrahedral interpolator 2400 using only first stage 2401 . An additional 
stage would be added for each additional iteration of interpolation required for the particular application. 
[01 1 9] Each of the inputs of the multiplexers in the first stage 2401 are connected to the eight vertex values selected 
using higher order bits 10a. The outputs of each pair of multiplexers in stages 2401 -2404 are connected to, respectively, 
the first and second inputs of the corresponding adder. The output of each of the adders of the first stage 1 90 1 is a ver- 
tex value of the first sub-cube. As previously mentioned, the division by 2 for each iteration of sub-cube generation is 
deferred until the last sub-cube is generated. The vertex values of the last sub-cube generated are divided by 2 n (not 
shown in Figure 36), where n corresponds to the number of stages in the non-symmetric tetrahedral interpolator. The 
inputs of each multiplexer for the second, third, and fourth stages 2402-2404 are coupled to the outputs of the adders 
of the previous stage. 

[0120] The control input of each multiplexer is connected to the output of the corresponding control input computation 
block. The multiplexers used in the non-symmetric tetrahedral interpolator 2400 have the capability to select one of 
eight, eight bit values using a three bit control input. For this d=3 implementation of non-symmetric tetrahedral interpo- 
lator 2400, each of the inputs to the control input computation blocks is a 3 bH quantity. The output of each of the control 
input computation blocks is a 3 bit quantity. The adders associated with each multiplexer performs an addition of the 
selected eight bit values from each of the multiplexers. 

[01 21 ] Interpolation is performed by supplying the vertex values selected using higher order bits 1 0a to the multiplexer 
inputs of the first stage 2401 . The inputs to the control input computation blocks are hardwired. The non-symmetric tet- 
rahedral interpolator 2400 computes the vertex values for four iterations of sub-cube generation. The values P""(7) 
through P""(0) are the values of the vertices of the fourth sub-cube generated. In this embodiment, P ,m (0) is selected, 
divided by 16, and used as the result of the interpolation. The division by 16 is implemented by shifting bits and is not 
represented in Figure 36. 

[01 22] One of ordinary skill in the art will recognize that one of the other computed values P ,n '(7) through P""(1 ) maybe 
selected, divided by 16, and used as the result of the interpolation. Using values corresponding to different vertices of 
the final sub-cube to generate the interpolation result will bias the result of the interpolation differently. This is a consid- 
eration in selecting which vertex value of the final sub-cube generated will be divided by 16 to generate the result of the 
interpolation. 

[0123] A common hardware implementation of non-symmetric radial interpolation and non-symmetric pruned tetra- 
hedral interpolation is possible. As can be seen from the diagrammatic representations of the non-symmetric radial 
interpolation and the non-symmetric pruned tetrahedral interpolation in Figure 25 and Figure 31, respectively, a com- 
mon hardware implementation could be accomplished by multiplexing the indices used to access the input vertex val- 
ues. Included in Figure 47 is a listing of the VHDL code which can generate a common hardware implementation of 
non-symmetric radial and non-symmetric pruned tetrahedral interpolation. 

[0124] Shown in Figure 37 is a hardware implementation of a common non-symmetric pruned radial and non-sym- 
metric pruned tetrahedral interpolator 2500. The hardware implementation of common non-symmetric pruned radial 
and non-symmetric pruned tetrahedral interpolation incorporates the control input computation blocks ol the non-sym- 
metric pruned radial 1700 and non-symmetric pruned tetrahedral 2200 interpolators. Multiplexers 2501a-2501n are 
used to select the data to the control inputs of multiplexers 2502a-2502n. A single bit is used to control the selection of 
the data at the inputs of multiplexers 2501a-2501n. The single bit controls whether the multiplexer control inputs to mul- 
tiplexers 2502a-2502n are for non-symmetric pruned tetrahedral interpolation or for non-symmetric pruned radial inter- 
polation. The multiplexer control input for multiplexers 2502a-2502n determines which of the interpolation data values 
are coupled to the adders. With the bit in the first of its two states, the hardware of Figure 37 performs as a non-sym- 
metric pruned radial interpolator. With the bit in the second of its two states, the hardware of Figure 37 performs as a 
non-symmetric pruned tetrahedral interpolator. Adders 2503a-2503o sum the outputs of mulitplexers 2502a-2502o. By 
shifting bits, the resulting sum is divided by 16 (not shown in Figure 22) to generate the result. Control input computation 
blocks 2504a-2504k implement equations 14-19 and control input computation blocks 2505a-2505v implement equa- 
tions 25 and 26. 
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[01 25] The hardware of Figure 37 could be used repeatitively for an additional (D-1 ) passes to generate the remaining 
D-1 components of the output color space value 1 1. Or, there could be an additional (D-1) replications of part of the 
hardware implementation shown in Figure 37 to generate each of D components simultaneously. The hardware used 
for generating multiplexer control inputs could be used for each of the D replications. The common non-symmetric 
pruned radial and non-symmetric pruned tetrahedral interpolator 2500 shown in Figure 37 corresponds to d-3 and n=4 
for the input color space value 10. 

[0126] It should be recognized that for each of the disclosed hardware embodiments of interpolators, computations 
are required to supply the multiplexer control inputs. These computations may be implemented in dedicated hardware 
or performed using a microprocessor under software control. Using a microprocessor to compute the multiplexer control 
inputs results in a hardware savings at the expense of increasing the time required to perform the multiplexer control 
input computations. 

[0127] Although several embodiments of the inventions have been illustrated, and their forms described, it is readily 
apparent to those of ordinary skill in the art that various modifications may be made therein without departing from the 
spirit of the invention or from the scope of the appended claims. 

Claims 

1 . A pruned tetrahedral interpolator (1 000) for interpolating between interpolation data values using input data values 
(10) each having d components to generate output data values (11), said d components represented by d sets of 
bits partitioned to form d sets of tower order bits (10b) with each of said d sets of lower order bits (1 0b) having n of 
said bits, said pruned tetrahedral interpolator (1000) comprising: 

a first set of 2 n -1 multiplexers (1003a-1003o) each configured for receiving one of a set of control inputs and 
having a multiplexer output, each of said multiplexers (1003a-1003o) of said first set for selecting from said 
interpolation data values responsive to said one of said set of control inputs; and 

a means for adding (1004a-1004o) configured for receiving said multiplexer output of said set of multiplexers 
(1003a-1003o). 

2. The pruned tetrahedral interpolator (1 000) as recited in claim 1 , wherein: 

each of said multiplexers (1 003a-1003o) of said first set includes 2 d of multiplexer inputs for receiving 2 d of said 
interpolation data values; 

said means for adding (1004a-1044o) includes 2 n -1 adders (1004a-1004o) each having a first input, a second 
input, and an output; 

2 rvt -1 of said adders (1004a-1004o) each have said first input and said second input coupled to one of said 
multiplexer output of said multiplexers (1003a-1003o) of said first set; 

said first input of one of said adders (1004a-1004o) includes a configuration for receiving one of said interpo- 
lation data values selected using d sets of higher order bits (10a) partitioned from said d sets of bits and said 
second input couples to one of said multiplexer output of said multiplexers (1003a-10O3o) of said first set; 
2 n -(2 n 1 -1) of said adders (1004a-!004o) each have said first input and said second input coupled to said out- 
put of another of said adders (I004a-I004o); and 

said first set includes a partitioning into n groups of said multiplexers (1003a-1003o) each designated by a 
value of i ranging from n-1 to 0, each of said n groups of said first set having, respectively, 2 l of said multiplexers 
(1003a-1003o) from said first set. 

3. The pruned tetrahedral interpolator (1000) as recited in claim 2, further comprising: 

a second set of 2 n ' 1 -1 bitwise AND blocks (1001 a-1001k) each having a first input a second input, and an out- 
put said second set partitioned into n-1 groups of said bitwise AND blocks (1001 a-1 00 1k) each designated by 
said value of i ranging from n-1 to 1 , each of said n-1 groups of said second set having, respectively, 2 M of said 
bitwise AND blocks (1001 a-1 001 k), each of said output of said bitwise AND blocks (1001a-1001k) from said n- 
1 groups of said second set coupled to one of said multiplexers (1003a-1003o) in one of said n-1 groups of said 
first set having the corresponding of said value of i to supply one of said set of control inputs; and 
a third set of 2 rv1 -1 bitwise OR blocks (1002a-1002k) each having a first input, a second input, and an output, 
said third set partitioned into n-1 groups of said bitwise OR blocks (1002a-1002k) each designated by said 
value of i ranging from n-1 to 1 , each ofsaid n-1 groups of said third set having, respectively, 2 1 ' 1 of said bitwise 
OR blocks (1002a-1002k), each of said output of said bitwise OR blocks (1002a-1002k) from said n-1 groups 
of said third set coupled to one of said multiplexers (1003a-1003o) in one of said n-1 groups of said first set 
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having the corresponding of said value of i to supply one of said set of control inputs. 
4. The pruned tetrahedral interpolator (1000) as recited in claim 3. wherein: 

s 1b 1( 1b2, 1b3 1b d designate said d sets of lower order bits (10b) with a bit position of each of said bits of said 

d sets of lower order bits (10b) designated from a most significant of said lower order bits (10b) to a least sig- 
nificant of said lower order bits (10b) by a value of k ranging, correspondingly, from n-1 to 0, computation of a 
fourth set of n values, each designated as v[\q t uses said d sets of lower order bits (10b) according to 
v\k}=2^ x IbJkJ +2* 2 x 1b 2 [k] + 2* 3 x 1b 3 [k] +...+ 2** x 1b d [k) tor each of said values of k; and 
jo said first input of each of said bitwise AND blocks (1001a-1001k) and said bitwise OR blocks (1002a-1002k) in 

said n-1 groups corresponding to said value of i ranging from n-1 to 1 includes a configuration to receive one 
of said fourth set of n values for k equal to n-1 , said second input of each of said bitwise AND blocks (1001a- 
1001k) and said bitwise OR blocks (1002a-1002k) in said n-1 groups corresponding to said value of i ranging 
from n-1 to 2 each arranged for receiving one of a fifth set of values computed using bitwise AND operations 
15 and bitwise OR operations upon ones of said fourth set of n values, said second input of each of said bitwise 

AND blocks (1001a-1001k) and said bitwise OR blocks (1002a-1002k) in said n-1 groups corresponding to 
said value of i equal to 1 includes a configuration to receive one of said fourth set of n values fork equal to n-2. 

The pruned tetrahedral interpolator (1000) as recited in claim 4, wherein: 

each of said interpolation data values includes D interpolation data value components: 
each of said D interpolation data value components corresponds to a dimension of an output color space and 
each of said d components of said input data values (1 0) corresponds to a dimension of an input color space; 
a printing device includes said pruned tetrahedral interpolator (1000) for performing a color space conversion. 

The pruned tetrahedral interpolator (1000) as recited in claim 5, wherein: 

D equals 3, d equals 3. and n equals 4. said output color space includes a color space selected from the group 
consisting of a RGB, a Lab, a XYZ, a HSV.a Luv, a HLS, and a CMY color space and said input color space 
30 includes a color space selected from the pup consisting of a RGB, a Lab, a XYZ, a HSV, a Luv, a HLS, and a 

CMY color space. 

7. The pruned tetrahedral interpolator (1000) as recited in claim 5, wherein: 

35 D equals 4, d equals 3. and n equals 4, said output color space includes a CMYK color space and said input 

color space includes a color space selected from the group consisting of a RGB, a Lab, a XYZ, a HSV, a Luv, 
a HLS, and a CMY color space. 

A tetrahedral interpolator (900) for interpolating between interpolation data values using input data values (10) 
each having d components to generate output data values (1 1), said d components represented, correspondingly, 
by d sets of bits each partitioned to form d sets of higher order bits (10a) and d sets of lower order bits (10b), said 
d sets of higher order bits (10a) used for selecting 2 d of said interpolation data values, said tetrahedral interpolator 
(900) comprising: 

a set of 2 x 2 d multiplexers (906) with each of said multiplexers (906) having a multiplexer output and config- 
ured to receive said 2 d of said interpolation data values, each of said multiplexers (906) for selecting a one of 
said 2 d of said interpolation data values responsive to one of 2 x 2 d values determined from said d sets of lower 
order bits (10b); and 

a set of 2 d adders (905) with each of said adders (905) having a first input, a second input, and a output, each 
of a first group of 2? of said multiplexers (906) having the corresponding of said multiplexer output coupled to 
one of said first input, each of a second group of 2 d of said multiplexers (906) having the corresponding of said 
multiplexer output coupled to one of said second input, said set of 2 x 2 d multiplexers (906) and said set of 3 d 
adders (906) forming a stage. 

55 9. With interpolation data values for selection using input data values (1 0) each having d components, said d compo- 
nents represented by d sets of bits each partitioned to form d sets of higher order bits (10a) and d sets of lower 
order bits (10b) with each of said d sets of lower order bits (10b) having n bits, said d sets of lower order bits (10b) 
designated as 1b 1f 1t>2,..,1b d with the bit position of each bit of said d sets of lower order bits (10b) designated from 



20 



25 



8. 

40 



45 



50 



25 



EP 0 923 049 A2 



the most significant of said lower order bits (10b) to the least significant of said lower order bits (10b) by a value of 
i ranging, correspondingly, from n-1 to 0, a method of tetrahedral interpolation, comprising the steps of: 

computing a first value according to v[i]=2 d " 1 x Ib^ + Z* 2 x 1b 2 [0+-+ 2 dHj x 1b d [i] for said value of i 
equal to (n-1); 

computing a first set of AND values according to v[n-1] & k, for said value of k ranging from 2 d -1 to 0; 
computing a first set of OR values according to v[n-1]|k, for said value of k ranging from 2 d -1 to 0; 
selecting a first set of 3 d pairs of said interpolation data values using said first set of said AND values and said 
first set of said OR values, each of said first set of 2 d pairs selected using one of said first set of said AND val- 
ues and one of said first set of said OR values each computed using the same of said value of k; and 
computing a f irst set of 3 d sums by summing each of said f irst set of 2 d pairs of said interpolation data values. 

10. With interpolation data values for selection using input data values (10) each having d components, said d compo- 
nents represented by d sets of bits each partitioned to form d sets of higher order bits (10a) and d sets of lower 
order bits (10b) with each of said d sets of lower order bits (10b) having n bits, said d sets of lower order bits (101) 
designated as 1 bi , 1 1>2, . . , 1 b$ with the bit position of each bit of said d sets of lower order bits ( 1 0b) designated from 
the most significant of said lower order bits (10b) to the least significant of said lower order bits (10b) by a value of 
i ranging, correspondingly, from n-1 to 0, a method of pruned tetrahedral interpolation, comprising the steps of: 

computing a first set of 2 n -2 values using bitwise AND operations and bitwise OR operations operating upon 
vp]equalto2 d " 1 x 1b 1 [i]+2 d * 2 x 1b 2 [i] +...+ 2" x 1b d [i] for said value of i ranging from (n-1) to 0; 
selecting at least the minimum of 2 n and 2? of said interpolation data values using ones of said first set of 2 n - 
2 values, v[0 for one of said values of i equal n-1 , and said d sets of higher order bits (10a); and 
adding a second set of said interpolation data values formed from said interpolation data values from said step 
of selecting to generate a sum. 



26 



EP 0 923 049 A2 




b 



FIG.1A 



27 



EP 0 923 049 A2 




EP 0 923 049 A2 







29 



EP 0 923 049 A2 







30 



EP0 923 049 A2 




FIG.4 




P- [21= P[2] 



f[0] 



m 



FIG.5 



31 



EP 0 923 049 A2 





33 



EP 0 923 049 A2 



SELECT 2 d OF VERTEX VALUES 



COMPUTE A VERTEX NUMBER 



SELECT ONE OF 1HE 2 d VERTEX VALUES USING THE 
VERTEX NUMBER 



COMPUTE A SET OF 2 d AVERAGES 



FIG.8 



34 



EP0 923 049 A2 



aT^- cnj a. a. 
co + + + 



or cm a_ a. 



^2 CM i 



r\ cm a. a. 



>2S 



cl Q- Q- 

Ol + 



rp.CM-Q 



CM -h 



To cm__ 

a. q- a. 
CM -K 



g g s > 



» > Q- 



o 



35 



EP 0 923 049 A2 




EP 0 923 049 A2 



^400 

COMPUTE n VALUES FOR i RANGING FROM n-1 TO ZERO 



^ 40 1 

SELECT n+1 OF INTERPOLATION DATA VALUES 



£-402 

COMPUTE INTERPOLATION RESULT FROM THE SELECTED 
nf 1 INTERPOLATION DATA VALUES 



FIG.11 



37 



EP 0 923 049 A2 




COMPUTE INDICES FOR ACCESSING 
REQUIRED VERTEX VALUES FOR EACH 
COMPONENT 



COMPUTE INTERPOLATION RESULT FOR 
EACH COMPONENT OF THE OUTPUT 
COLOR SPACE 



FIG. 12 



38 



EP 0 923 049 A2 




39 



EP0 923 049 A2 




FIG. 14 



40 



EP 0 923 049 A2 




41 



EP 0 923 049 A2 



COMPUTE A VALUE FOR v [ i ] FOR i EQUAL TO n-1 



COMPUTE A SET OF AND VALUES USING v [ i ] k k 



COMPUTE A SET OF OR VALUES v [ i ]|k 



SELECT 2 d PAIR OF VERTEX VALUES 



COMPUTE 2 d SUMS FROM PAIRS OF VERTEX VALUES 



FIG. 16 



42 



EP0923 049A2 




43 



EP0 923 049 A2 




44 



EP 0 923 049 A2 



-1001a 



1004m 




P(0)-P(7) 



FIG. 18 



1000 



45 



EP 0 923 049 A2 



COMPUTE TWO VALUES FOR 

TO n- 


i EQUAL TO n-1 AND EQUAL 
■2 








COMPUTE ONE AND VALUE AND ONE OR VALUE 



SELECT FOUR VERTEX VALUES 



COMPUTE SUM OF SELECTED VERTEX VALUES 



FIG. 19 



46 



EP 0 923 049 A2 




SET COMPONENT VALUE TO '100" HEX 



1202 



L 



COMPUTE OFFSETS FROM THE ORIGIN 
OF SRFCTED CUBF 











COMPUTE INDICES FOR ACCESSING 
VERTEX VALUES 



1203 



COMPUTE INTERPOLATION RESULT 
FOR EACH COMPONENT OF 
OUTPUT COLOR SPACE 



1204 



FIG.20 

47 



EP 0 923 049 A2 






^ ^ a ^ a a © 

* *s 



" > ) | __ > — i—i 



;o4 



.CS4. 



51 



3 ^ 3^.S^'S^'S^'S^'^ , S? 

»0" >o* W W V>" W W "ro" lO" W >0" to, »** rO 
lT Ol CU OT 0.0-0-0-0- 0.0-0- Q. O. 



0> c7 77 c7 c7 KV VT ro ro *0 rO KV 

f *5C* cC* Q- Q. Q- 0- 0-0- O. O- Q- O. O- 



48 



EP 0 923 049 A2 



V(3)- 
1304k 



V(1) 



V(2)~ 
V(3)~- 

V(3)~ 
1303k 
I 



M304h 
<1303h 



1304a 



3> 



1303a 1301a 
S K0H(7) 



1304b 1301b 
P(0)-P(7) 



1303b 1301c 
^ P(0)-P(7) 



1304c 1301d 
P(0)-P(7) 



t>UI M304i L 

m ^13031 r-4 



3> 



1303c 1301e 
P(0)-P(7) 



v(2)»4q^l-C 



V(3) 



1304d 1301f 
P(0)-K7) 



1304j 



V(D 



5 



1303 



V(3). 



13046 PffiW) 



T305e P(0)-P(7) 



3> 



1304f 



1301k 
P(0)-P(7) 



V(3)L 



-1304g 



X 



1301m 
P(0)-P(7) 



lXi303f 13011 
1303f P(0)-P(7) 

1302m 



1301n 
P(0)-P{7) 



M303g v ; v ' n 
I 1302ot+V-^ 




P(0)-K7) 




1300 



FIG. 22 



49 



EP 0 923 049 A2 




50 



EP0 923 049 A2 




EP 0 923 049 A2 




52 



EP 0 923 049 A2 




SELECT THE MIN. OF 2 n AND 2 d OF 
INTERPOLATION DATA VALUES 



ADD THE SELECTED INTERPOLATION DATA 
VALUES 



FIG. 26 



53 



EP 0 923 049 A2 



GENERATE MASK VALUES FOR EACH 
COMPONENT OF INPUT COLOR SPACE 
VALUE 



•1600 




1603 



^-1602 



SET COMPONENT VALUE TO "100" HEX 



COMPUTE THE VALUES OF EACH OF THE 
mp]ANDvfl] 



COMPUTE THE VERTEX NUMBERS 
CORRESPONDING TO THE VALUES 
REQUIRED FOR INTERPOLATION 



1604 



COMPUTE INTERPOLATION RESULT FOR 
EACH COMPONENT OF THE OUTPUT 
COLOR SPACE 



1605 



FIG. 27 



54 



EP 0 923 049 A2 



•1701a 




P(0)-P(7)' 



1700 



FIG. 28 



55 



EP 0 923 049 A2 



COMPUTE 2 d VALUES USING f(N,i) 



SELECT 2 d PAIRS OF INTERPOLATION 
OATA VALUES 



COMPUTE 2 d SUMS FROM THE 
2 d PAIRS 



FIG.29 



56 



EP 0 923 049 A2 




57 



EP0 923 049 A2 




58 



EP0 923 049 A2 



<1> 




<i> 




ro 
CM* 



CM 



a. 

/T\ A 





























cm* 










can 












CL 







CM 



CM 



to 

CM 



ro 



ro 



CM 



C7» 



f+1 




CM 



IO 

"cm* 



CD 



CM 



CM 



fa 



ro 



ro 



0 



59 



EP 0 923 049 A2 



COMPUTE A SET OF 2 n -2 
VALUES USING g(N.i) AND h(N,i) 



SELECT THE MIN. OF2 d AN0 
OF INTERPOLATION DATA 
VALUES 



n 



ADD THE SELECTED 
INTERPOLATION DATA VALUES 



FIG.32 



60 



EP 0 923 049 A2 



GENERATE MASK VALUES FOR EACH 
COMPONENT OF INPUT COLOR 
SPACE VALUE 



2100 



2101 



COMPONENTS OF INPUT 
COLOR SPACE VALUE ON 
BOUNDARY? 



YES 



NO 



SET COMPONENT VALUE TO "100" HEX 



2103 

L 

COMPUTE THE VALUES OF EACH 
OF THE m [ i ] AND v [ i ] 



COMPUTE THE VERTEX NUMBERS 
CORRESPONDING TO THE VALUES 
REQUIRED FOR INTERPOLATION 



COMPUTE INTERPOLATION RESULT 
FOR EACH COMPONENT OF 
OUTPUT COLOR SPACE 



2104 



2105 



FIG.33 



61 



EP 0 923 049 A2 



2201U rl h ( ) 



V(0) 



K) 



r K) 



t2201o 
(2201 p 



g() 



^2201q 
2201b 

^ P(0)-P(7) 



K) 



2201c 

^ P(0)-P(7) 



g() 



2201d 

r-' p(o)-p(7) 



2201v Hh() 



r K ) 



2201e 

K0)-P(7) 



2203m 



L g() 



•2201q 



2201f 

P(0)-P(7) 



g() 



2201 g 
" P(0)-P(7) 



L 9() 



P(0)-P(7) 



2201 



V(1) 



-2201 i 



f 2201t , 

L g() - 



g( ) 



22011 P(0)-P(7) 



g() 



2201k 



J\.2201l 



-2201m 




-2202O 




P(0)-P(7) 



P(0H(7) 



P(0)-P(7) 



2200 



FIG. 34 



62 



EP0 923 049 A2 



COMPUTE A FIRST SET OF 2 d VALUES . 
USING g(N,i) AND A SECOND SET OF 2 d 
VALUES USING h(N,i) 



2300 



SELECT A SET OF 2 d PAIRS USING THE 
FIRST AND SECOND SET OF VALUES 



COMPUTE A SET OF 2 d SUMS USING THE 
SET OF 2 d PAIRS 



2302 



FIG.35 



63 



EP 0 923 049 A2 




64 



EP 0 923 049 A2 




66 



EP 0 923 049 A2 



2505o« 



2505ir 



rK 



U, g( 



V(0) 



2505p- 
2505q- 



bg()- 



2505v- 



g() 



2505r- 



V(1) 



2505t- 



rK 



Ug( 



rK) 



rK 



u g( 



t g() - 



rK 



2505s-x , , rtK 



Ug( 



rK 



V(2) 



2505a 

— e ai 



-2505b 
— I B1 
-2505c 



-2505d 
— i 01 



-2505e 



-2505f 
— Z Ft 



X2505g 

u — a a 



^2505h 
EH1 



2505i 

e ii 



2505j 

— e ji 

-2505k 

1 K1 

-25051 
1 LI 



✓•2505m 

IU\ 

T^-2505n 

em 



^2500 

FIG. 37B 



67 



EP 0 923 049 A2 



2504b -N 



rf() 



2504d- 



V(0) 



2504K 



2504a 



HO 



£ & 

£ B2 

2504c 
— l C2 



-e 02 



2504e 
— 2 E2 



/-2504g 



■£ F2 



£ G2 



-I H2 



25045 



r<) 



v(D 



/-2504h 




2504j 
— I K2 



-£12 



V(2)« 



2504k 

»N2 



2500 



FIG. 37C 



68 



EP0 923 049 A2 



CO CO 

o o 

X X 

o o 



CO ^ 

+ + * 



4c 

x> 
c 

o 

r— i 

C V V V 

•r- V V V 

CT> 

t— r~"i f— » i— "» i — l 
LOHNO 
O > > > > 

t_j t— i t— i t — 1 1 — i • - 

ooooo^ 

LJLJLJLJI-i 
d) (U 0> dJ 0) rf 

SSSSS A 
*o *o *o to *0 A 

>v ^ p 4J -p 4-» 

* * ^ 

* ccccco 

<U* t-**--»--T-f- X 

4-» * WW^N^WO 

Q-* ' — ' 

o{w<+ + + + + 

* ■ 



TD X3 
C C 
3 13 
O O 

fHCMf) iH(\JfO 

CVVV CVVV 

v v v #-vvv 
o> cn 

i— ii— nr— ii— » r— » i—i r— i r— i 

lohcsjo «- «=> t— i c\j co 

o>>>> o>>>> 

U-lt-^H M — IUI ft_JI ll_Jt — 1 1—1 

r— i r— i r— i m »— i i— ir— ti — u — if — i 
CM CM CM CM CM 

A) ft) Q) Q) d) (U <L> <U <1) <D 

SSSSS A SSiDjQD A 

II] IQ (O (O lO A «TJ ID TJ fd D A 

* * * ^ * * * ^ 

* * ^ ^^^s^s * * ^ ^ ^ ^ ^ 
4: +-» 4-1 4-* 4-> 4-> CO * *4 * 4-» 4-* 4-» 4-* 4-* CO 

* * ccccco* * ccccco 

¥ <D * *»- -r- X * <1> * -r- t- -r- -r- X 

4: 4-» + wwww^O* 4-» * ^^wwwo 

* Ol+ >-* w ^ ^ 4: cx* »— ' — ' — ' 

* o*^+ + + + +* o*^+ + + + + 

* * * * * * 



t_ l_ t_ 

ID *U AO 



o u o 

Nil 

r— »f— 1 1 — i 



3 3 D 

aaa 



3 D 3 

o o o 



00 
CO 

CD 

LL. 



IS 

CL 
4-» 

O 



CO 

> 



CM 
> 



O «— « C\J 
I— J I— II— J 

4-> 4-> 4-> 
D 3 3 

a d a 
c c c 




4- i-iw-* CM CM CM CO 

£ CD O O O O O O O O O 

ai| xx xx x x x xx x 

«— . ± OOCPOOOOOOO 

I «0 oQ *Q o0 *0 *0 «Q o{) *0 oO 

X "<OjOO«0X>O«OX>U<O 

o* — * ^ w ^^^^^^ ^ 

„| A A AOO oo oo y 

a> * * * < co <: co <oo <C 

c * z 2: + + ♦ + + + + + + + 

+ I I c c c c 

a»* <oo •»- zz. 'Z^ 

4-» * o» o> o> cn 

3*1 + +-*- — 

CL* 1- \- 

e * c o o o o 

U J cn i I I ■ 

* i H O t-H CM CO 

. ^ w o > > > > 



a> <d Q) a> 



69 



EP 0 923 049 A2 




c: 
o 



o 



a* 
c 



.O 



T3 




C O 

a> cl 



C 







is i 




■ t 










• 1 






• Ql i 










* c < 




• to 
















• to • 




! 2 






OS 










« i. < 








1 


ac 




ow 
















CcS 




Ufc 










■ cx 


to 




t to 




• c 














is" 




! o 










• -C 










• 4-> 






• 






» *o 


ujo 






• v> 


• ro 




• v> 






■ t- 




• o> 




• o 






• o 




1 t_ 


! 








• o 


• o 


> a> 


• -M 


Q. 


• ro 






• C 


> C 








« <v 


1 *r*» 


i <U 


• 4-» 


1 CO 


• ;> 




• O 


t t_ 








I *r— 




: 


• "O 






• ro 


i (Uf> 


• <D 


i to 


1 V> 




• 4-3 C 


* 4-J 


« to 




» "5 


• t_*r- 


« O 


t <U 


« -C 


• fO 


< rjj O 


• OJ 


* O 


t O 


t l_ 


i > a. 




* o 


* ro 






; % 


1 i_ 


i O) 


! a> 




« V) 






1 t- 








< t- 


• 3 


• fO ro 


! Q> 




. o 


• 4-> 


* C C 


■ 4-» 


• </i 


• LU 


• O 


• cncn 


< 13 


• UJ 




i a> 






i » 


i i 


< 4-> 


« to </l 






i i 


• f— 


• c 








• x: 




I cS 






• o 


• o> • 


i oc cn 


• 




i lu n> 


• ro 


* -G 


t * * 


t > X5 



Ot-t<\J 

CD Q.O. 

O "-^ 



CD Q. 



I— 

> 



o to 
• — to 

CL 

c 



£ • 

a>+-> 
■ouc 
<u IO *o 

tO 4-» 

3 v> to 
a> cr 

0)UO 

+-> 

OLD) 
4-> 0) C 
> f— 

VI "O 

"li 

a) to a> 

> ro-C 



O 0>"O 

v>i^ #o 
a> 

3 

i — -o 
(O c 

> 04-» 
+J Q.tO 

to-r- ro 



70 



EP 0 923 049 A2 











* * 




















»• — * 
















* * 




t— i 






CNJ 




CO 










+ 










1 — 


1 1 














T3 




»— 1 


1 1 














O 












* • • 


4t 




* 


E 




1 








iii 


C\J 




* 






CO Q_ 




* * 




* 1 


C "^-^ 






V_l 




t 

r— (-J— 


*" 




A 




<y 






- C 




M-' 


c ■ 




1 


1 V> I 


JC CX 


* * 


o 


' 3 




CD r~ 








i — i 


■4-* E 




r 


• O 






> ' 


C -It 


*/> 


i "O i 






4-> 


> J3 






CU i 


QJ CNJ 


l_ 


i ~o i 




** — > 


ro 






C£ 1 


^ 1 


x:^ 


<1> 


i O " 




^— ' 


1_ 






t!^ 


cx < 


4-> CL 


_C 


' 


*o CX + 


Ct 


QJ 


1 




1 — ZD 


b < 


e 


■M 


* CL < 


C E 


E 


4-> 


1 + 






QJ 


^ CD 


O 


• E 


3 a> 


QJ 


•r— 














i CD 


G* 4—* 










1 o 








» 4-» 


.Q 




4-* 










c ■ 


1 




I 


I 


X 


> CNJ 






> 


► n • * 




• -o 


V ** 












o 


• o 




i 




















I **" 


r— 1 ^ 








• i 






• ■«— > 






+ ■»-> 




i c 


* "O 








1 V w 










! <£ 


• c 




*— % 


«— i 


» CL 


- a. 


t CNJ 


f->CL 


CL 




» 3 




i o 




t *r->E 


b •• 




► * E 


B 




• O 


• 4-> 


i 


CL 




a> 


t CL 


> cnj a> 


ai 


! T3 


i X> 


• 3 


» CL 


a> 


! csj-m 


-MM- 


t a» 


i w4J 


4->«f- 


» C 




l CL 


• E 


4-> 






» 4-» 






i 3 


1 v —' 


• 4-> 


» ai 


CO 


1 


a> 


• CO 




cu **~ 


i O 




« 3 


• 4-> 






to *o 






CO "D CL 


i -O 


! i 


• O 


! I 


I 


r *f- 


i— c 


» i 




r— CO 










• 




0) <u 


i ■ 




a> cu o 


• 4-> 




! a> 


• V 












i a> 




• 4-> 
















» CO 


■ c 


• «o 


• 
















• 3 Q 


. i o 














c 


( ■ 


• O O 


i c 


• 












a> 


1 1 


• -Q O 


♦ 3 


• 4-> 


















» . (. 


• 3 


















i |- 


i CL 
















■o 




» 4-> 
















c 


t i 


• 3 
















a> 


i i 


• O 



CC • • 




O 




O 




r- V) 




<U 




*o U 




C O 


i *5 


<U t- 


• fO 


cl 


i L. 


*o 


i "O 




• c 







CD 
CD 
CO 

CD 















• ■it 












• 


































t— i 






i *o 


























C Q> 
















o-o 










34-> 




















1 






1. C 












1-4 




C 4-> 




V 


















1 

CO 






















































■o o 










Cr- lO 












:pji 




CL 










ro a 






CL 








w | 










E a> 
to i— c 






O 
O " 


1 






^ V 












• CO 






1 


















3 tO C 


i LU 










LU 




t2 












i ZD 




i—« 1 




CNJ 


h- 




1—4 




iCX, 






ro <0 


i _J ** 


• • I 


• 1 


~a 






CO 




coa: 






> VI CL 


: 


• • I 


Z i 


c 








cJ 










to 

to CU 0> 


• lUJ 


■ c 


MF 










a: 








a> o > 


• i— e> 


» o 








ZD 




LU 


« 








u o-^ 


I ZUJ 










ZZ. 






• 








to 


• 


» to 




■o 


















4-> O. tO 


i oz 


i c 




c 


i -oca 


CNJ 




»— i 


4-> 


» »— l =3 






1- cu 


t /-nQ. 1 


• ai 




> ro 




8" 






C 








O <D o 




! e 






! 'cucft- 


1 


• ^ 




: ^'5 

i id 








ue 


• -5 




mn 


> 3Q£ 
I r— LU 




1 




> to 


> z 






► X3 tO 


• 






> a» 


• roh- 








» C 








i a> . 


• ro 


• 4-» 


iS- 


► 4-> 


i >z; 








» o 








r 4-> tO >> 




» 3 










<3 


• *o 




» *o 






• UPD 


•:»..^ 


« Q. 


• ZD 


i <L> 




i o 














i <U 




• 4-> 


• Z 


i rvj 








■ a> 


• a* 


* cu 






• jQ a> 


i C CtC 


i 3 








I c 




i u 


• c: 


• 3 






i <L> B 


i t— B 3 


• O 


■ O 




i oz 


i o 














I CO 4-* 


• O 0J O 




• 4-> 


| ro 


• CL 


i 


+-> 


i ID 


• *o 


• to 


CL 




l JZ 4-> 


i CL4-»-Q 


• -C 






1 




C 


• > 


i c: 




o 




i <D cr» 




» O 


' O 


> 


I I 


• CL 




1 


' 3 


• 


o 




• JZ r- QJ 




i <o 








• O 


o 


l 4-> 




• 4-» 




CL * * 


• 4-> 0> rsj 


I w a» 0) 


i a> 


> c 


* C 


! X3 


• O 


CL 


• c 


:<§ 


i c 




O . 




I CO • — ■ — 






• -4 


• CtC 


• 1 








T3 O to 


• to O E 


i tO-O -O 


• u. 






» E 3 






• o 


i i 


• o 


<= 


r— tO 


• tJ+J r- • 


i CU ro ro 


* o 






• 0) O 


t i 


• 


• CL 


i i 


» CL 


<D 


<U 




i Li. 




I 1 


i 4-JJQ 


i i 












TD U 


l fO tO r- C 


t O t- L. 




1 1_ 


















C O 


» df E 


i U (O ro 




• o 


















CD I— 


• 2T4-» *0 


i CL> > 


• i 


I »f- 


















CL 


• => ro 0"0 


• C 
























i CO U 4-> *0 
























TD 


• 21 cn 




















C 


i i % t i 


• Z3 O) 




















a> 


i i i i i 


• LO X3 













i i 


CL 




o 




o 


•o 








ro 






CNJ 


■o 




C 




ro 






I— i 


to 




+-> 




C 




CU 




B 


LU 


cu 


h- 


r— 


2t 




i— i 


>> 




ro 


» 3) 


C 


i Z 


t_ 


i 


ro 






i O 


CL 


• 4-> 


B 




a> 


i <3 


4-J 






• C 


L. 








rO 


I T> 


CL> 






I C- 


i 


« o 


• 


1 *♦— 



71 



EP0 923 049 A2 



A 
A 



X 

o 



o 



A 
A 



CO 
CD 
X 



©3 



o o 
><=> >.*=> 
■ > I > 

CL C C 
-<aO - *<qO 



o 

l>, 
c t- 

-03O 



o 

>CZ> C=> 

_J> >o 

"O I i> 

CL 1 "O I 

•»DO CI- 



* * * 

* * 

* c* 

O* 

B i 



-<oO 

>.>,>^: „ . . 

C C C L L L CCCLt-L 

Je\K\)C\ic\JeJrvcv*NX\j 
>>>>>>>>>>>>>>>>>>>>>> 



■Jtj , t- I> - >> - 



, 0| ..^..m^-o< 

iC\)CVKMf\K\/c 



«9«Oo0aOoO Good- 



ie •-<NK\JC\K\K\J0\JCOCOCTKT)^^ 

>>>>>>>>>>>>>>>>>>>>>> 



* * * 

* i — -K 




< 

O 
CD 

UL 



CVJ.-I 




>>>>>>>>>>>>>>>>>>>>>> 



CMCM 

— 53 

A* C C 

A OoOoO«OOiO«J 

«3^t OKOCOCO OKOCO 
^ X> > > >"0 > > 

I i3 I <~X_> I <_X_> 



x x<Joo x<!cc/ 



t oi 



j2Z2- J 
TT1< 

c c c c 

<u a> qj a> 
uuuu 



3 



Ceo 

or 

f-O 

+^ 

<o*o 

r— Q> 
OC 

o.cn 

0>W> 
PC 
C 




LT3COOCOC • 
QCOC I A3. #D 
ins |*Of— I fc-i |P„ _ 

| >r -< >H K XXX 

cm >-h >•-• i > i >,o)fl) a> <u 

l> t- hD IQLCOCCCC 

•p lo.t- c-o_ )c\«oci 







Kl 



>>U | > CTTO IXXXX 

loot-' ifoiocro-o-cro 
•— * -co loco i hcccc 

t> > >oo > >co 
-o I * > - > 

CLO . - O - • • • -CO 
•HJQ>pO '>pO 



* co c J^J 7 J > ><P_J > >iO x x x' x 



>>> 



l>-o I J >a> <u <d <u 



T3 

CU*OT> 

ca>a> 

13 C C 

CXt— »- 
v» to 

-occ 
o 

> ^ 



>>CL"0 |CLT) tO-O-O-O 

- • (QOCLIOOCLCCCC 
XCM * 1 I«»0 I IWOi-f. f~r- 

><=> -r-4r-f I KMCNJ I I 

- ><=> >. >»—•*-■ > >CJCM 
O . I> l_J> > I I >. > - - -CM 

• >ci.cclVcci. tTx XXX 

-O roOforaOQnjroO Odxu <U ai * # — 

*o >>>>>>>>>>>-»-•»— 

I. L. t. 1. U I. t- L. t. I. t. 
4->COfOfO<0«0(OfOfOIO<t} fD+-»4-»4->-l-> 
Cr£JT££^i:££X^C c c c c 
^-OOUUOUUUUU Vf—r-'r-r- 

<U<D<L)dl<UCU(Ua><If(U<UCU(U(D<l>CU 

r ' r - 'f — ^"«— f'^-f-'f — f-y-r-'r— r-f-f- 

<D<X>d>(L)<D<l>(l><l>(D(I>(L>(I)aj<l>(DQJ 
LLLLLLLtLLLLLLLU 



I I I I 

III* ^-^^ 

4-> +->+-> ->c -K * 

CLQ.Q. * tO* 

C C C * 4->* 




u 



ft 



CM 

o 

X 



o9 



CMt-H*-H 



V V V 

V V V 



^-A X X X X 



■ + I + 



> > 



72 



EP0 923 049 A2 



CMt-t 

A A 

A A * - A A 

A A • - 

OOO <^C\>^-t 

ooo ooo 

OOO OCXD 

XXX ooo 

OOO XXX 



> > > ooo 

> . > . > . 

CCC t- t-t- 
<0<O«O OOO 

III III 



> > > 
I I I 



* 



-*OOU") C 



xxxxxxxxo 
cu <d <u a> a> ai qj qjq^ 

•OXTD'O'D'D'O'D* 

c c c c c c c c\ 



CDfDGjQJ<D<DQJCL> 
#o ro to *o co ro ro ro 
+ + + + + + + + 



> > > 

^ cA-'J 
rococo SWocn^* 

if*' * _ 

DO I OO * 4-» 

Z2 * 3 

<{»' k<L' I B* 

a» * o* 
+ + + *o + + +* * 
c * * * 



I ■ 

-OCM^t 



l l r 

OCSJtJ- VOCO i < ■ !■ > 

xxxxxxxx— 

CD QJ CD CD CD CD CD <D^-> 

uuuuuuuu 
c c c c c c c c^t 



<D(D<D<DCD<D<i><D 



* 

i — i — i — ro 
-iCOLOC 



X X X X X X X xo 
CD CD Q> <D <D (D CD <DQ£ 

■o-o-o-cro-D-o-o* 
c c c c c c c c^ 

f — -r— -r— -r— -r— -r— -r— -r— 

1 ■ I— > ..I I 1 ■ 1 - I - I— J 



<dcd<d<dcd<d<d<d 

ru *o to ro *o ro *TJ fO 

++++++++ 



I ' I 1 I 
(till — OCSJ^fr 
OCM^VOCOt li li * • - 

xxxxxxxx 
<d <u <D <D dl <D <D <d*— * 
uuuuuuuu 
c c c c c c c c^r 



+ + 



fOfUfOfQfOfOfDfO X' 



+++++++ 




I M M If II »I M M I 

I I I I I l__L_>~^* * * < ■ > 

a> o> a) a> <d a> cp cp^-jc 4i a> a> 



f JDjCXO-O-O-Q-O-OOf 
w+ + + + + + + + 



* * * 



DQ 
O 

CD 



CM 
> 



c 



ftft 



XXX 



> > > 
c c c 

ccc 




CCD 
»o ro C 
I K> 

> >f« 



> > > 

C CC 
ro.fU ro 



OOO 

cmc^cm 1 cmcvW c^kicV 

wLU uL>\j' uCl)' 

ccc ccc ccc ccc 

woid io ioo ro *o co *o *o mo ro *o <oo<o ro mo ra <a mo O O OO o o oo o O OO o O oo O O OO 




•It -It 



I oo 



B OO 



H OO 



B OO 




. ^ . , _ . co» m < ^i- 

co _| I i i to i i viD ||r^ I I co 1 I cr» i 1 • t I < — t i|r-i | t h 

x<tco x<ta> x<tco x<too x<ca x<cd x<tco x<co x<tco x<co x<tco x 

.<!> <L» <u a> d) Q> d) <D CD (UOJCU 

+ *0+ + + "O + + + *0+ + + "0 + + + -0+ + + X3+ + + + +*0+ + + + + + *0+ + + *0+ + + "0 

ccccccccc ccc 



73 



EP 0 923 049 A2 



r— i r-i i — i "O 
i—i 1 — 11 — >h n m C 

ift N 0> H H H 3 

X X X X X X O 

o> <u oi o» a> o> oc 

"O ~U "O "O "O *o * 

c c: c c c c ^ 



C\| CM C\J CM CM CM 

i i I— J I LJ I— J I I 

g; O) d) O Q) <U 

fl <0 (O fD <0 (D 
4_, +J 4-> 4-> 4-> 

+ + + + + + 



r-i J"? r-» O C\J 

xj- *0 OO *-* w-i i— l 

X X X X X X 

m ol> a> a> a> a> 

-o TD "O "O "O 

c c c c c cr 



A 
A 



CM CM CM CM CM CM 
t» i— i u i 1 1 i i I 

a> <d a> cd a> a> 

in IO (Q (Q IO lO 

4-» +-> -M 4-> 4-> O 

+ + + + + + + 



CO 

o 

X 















« c 






c 








■ e 






e 








- c 






c 








« c 


4-> 




t 


X 






■ c 






c 








• e 


D 




c 








• c 


to 




c 




1— 




• c 


CD 


• 


e 


ro 


«o 


fO 


■ c 






c 








• c 






e 


o 


o 


o 


■ e 






e 








- e 


O 




c 








• e 


•D 




c 


1 


1 


I 


■ c 


X> 




c 






• c 






c 


r-i 


r— i 


1 — 1 


« c 


<D 




c 


<=> 




CM 


■ c 


4-> 




c 


u-J 


i t 


I » 


■< 






c 


4-> 


+-> 


+-> 


■ c 






c 








• c 






c 




Ol 


Ol 


■ c 






c 






+-> 


- c 






c 




3 












O 


o 


O 



74 



EP 0 923 049 A2 



CXI CO 



o 
> 



A A A 

A A A >- = v ^ 

o o cd 

^ ^ ^ ^-x > >S- > > 

— • CM CO * * * * I - * III ' I* * 

CD O CD O *—* CMCSJCSJ — I 

x >c x x >>>r^ >rr 

CD CD O CD CD^-*. DCJ, I CD r-* 

©*} oQ oQ oO ---^ - > 

— u u-ul * e e e e e d e e e e e ^ ^ 

csj^^i w "^^h^-k c* <-< CM CM CM CO CO CO CO CO CO CO t ED CD CD 

^ w >>>>>>>>>>> **->.>. >, >, 

S + S + a + J ^$ ^tr^ccctc^trtr cmUL 1 cm 1 cm 1 

i II > > > i— » > r-ir-i >r-i 

X X X X £ O* COCVJCOHCOCNJCO CO CM 

O V C=> OAOA* L* >>.>>>> >JT* >>. 

^-s ^ ^ ^1 -M* CD t -Jt — n . w w w w w m n t 

(DrH iocnj <uco* o>* > 

wOn-/OwOwO< 4/1* I N^SkS^OOOOOOOOOO 

XXX X* * * * >-w-n-r^i-JUJt.JUJUJCJ 

n^o*^0 O^O* > * ^ 4-* <*-> 4-> 4-> +-> 4-» 4-» ■+-» 4-» 

woawoo-cxjwc*! 4 > >^>, >, * Booooooooo 

©U_0©0 JDoO^DoO jQ-fc 4_>4t «-H CMCMCM t— • ft 4->* O.O.OlCXCXO.CLOlO.0. 

^ w w4t 3* > _ >.>.>. >_* 

CD - - - ~ 



< 



I + I + I + «-« CM CM CM CO CO CO CO CO CO CO* o* ^ " 



UL 




CO 



<_> 



Of— » fHO 

•CM CM COCO 

> >o > > 



•coco I 
*>e >cm 



CO > 



• >>l _ 

_^ >CD > tDCD 

E E > CM CM f— * 

CO • * > - > > > 4 

O - -O. tM. I I I 

^ • E > I I I I I I 
*/» £5 •—•CM CO CO CO CO 

H3 - * >.>.>.>.>.>. 



"O to w 

t- C C 

O 3 3 
> 



<U 

c 
en 



C££i:££:i:x:i:^ 
r-UUUUOUU u* 

■O-DtJ-O-DTJ-O-O* 
QJOJCDdJCUCUQIOi-fC 

CD CT> CJ> D> O* D> CD CJVK 
*ff-* **~ "r— *f— *c— ft 

CCCCCCCC*: 
CD<DCl><lJ(l>Cl)<l>CL> <U-|c 
CT> CJ) CD CT> CJ> CJ) C7> CJ> l/> ^ 

Q><ua)Qja>ai<Da>a» 




75 



EP0 923 049 A2 



o 



o 

i— I 

>.r— i i — i i — i i — i 
. lo o <z> • 

>, >, 

CNJ rH H CM CNJ 

> > > 1—1 > I — I 1 — I > I 1 I — I I — I 

^ I I IO IO O I-H r-l CNJ \ 

III > | | > | > | | ^| > | > | 

CO CNJ CO * CO CM CO CO CM CO CO ^-s -k 

>,>>>>>>n>> >n>nn 4e 

CMCNJC^CMCMCMCMCMC\JC\JOvlCMCMCMC\ICNJ 4: 

ccccccccccccccccco* 

O OOO OOOOOOOOOOO O X * 

aaaaaaaaaaaaaaa ao jc 

^+ + + + + + + + + + + + + + + +4: 



I 

IM 



-K 



4-> J 


X 


>» 


K» 
















x— N 


to -jc 


t_ 


1. 


1_ 


<V f 


<o 


ro 


fO 


t- 4c 






x: 




u 


U 


a 


I 


*w 






o 4c 








ro 4c 


1 


1 


1 


J2> 4c 








<U 4c 


( — 1 
O 


1 — 1 
1— 1 


1 1 

CM 


+-> 4c 


L_J 


LJ 


i i 


t— 4c 


4-» 


4-> 


4-> 


f_ 4c 




ZJ 


=3 


3: * 


CX 


CX 


CX 




+-» 


4-* 


4-> 


* * 




r$ 






o 


o 


o 



CQ 
LL. 




O 
> 



> I— » 



CNJ 
> 



CO f— l 1 

> o 



o o o o o o 



c c c c 



4-> 



o o 

CL CX. 



o o 

Q_ CL 



o o 

CL CX 



CO 
o * 

X -c 
O «c 



+ + 4- + + + + 



> nn t — i 

lo o o 

>l >l >, 

CM t— I t— I CNJ 

> > > r-i > n r— i 
t I I O . O O 

III > | | > > | " " r 

co cm co r-* 1 co 1 cm' co' co'cm'co' co 1 

> >>> > > >r-i> > > m > nn 

vVvVVW? u-'m— 'i— '*> «5 S ^ 
---------------- ft 



CM 

> I — I f— I 
1 1— I f— I 

-.»,>. 



CM 
> 



4c 4c 
4c 

a> 

CL • 

o 
<-> 

* 4c 



+J 4-> 4-> 4-> +-> 4-> 4-> 

c c c c c c 



c c c c c 



4_> 4_> 4-> 4-» 4-> 
C C C C C CO 

ooooooooooooo^oox* 
aaaaaaQaaaaaaaaao " 



4- + + + + + 4- + + + + + + + + + 



n 



* 3 

ni 1 

<u - 

4-> - 

13 -i 

CX : 

e • 

o - 



76 



EP0 923 049 A2 



X 
CD 



3 3 
CXCX 
C C 



3 

cx 
c 



X 
CD 

c 
> 



CD 



o 



"O 
ro 



u 
a> 



a* 



T5 

ro » * 

l— ■ i 

I » 

4-> • i — 

O • ro 

ro • ro 









o 








1 1 




t 
* 








o 


■ 


























■ 




c 








c 








1 




o 
















1 










• 


o 


*—> 






• 




4— » 






* 


"O 








1 




ro 










+ 
















» to 


«— 1 








• CD 




O 






-M 


1 


c +-» 






• CO 


CSJ 




1 




► o 




a> 










1 




i <d 


CM 


-C E 


CM 




















cx 




» 


i i 




CD 




i *a> 






E 




I r-4 




! E 






» v> 






tu 
















ZD 


> 
















I X 


o 


4-> a> 






• vd 


l » 








• o 




-i— «_ 


1 






i t— l 


» o 




i 




°. 


6 cx 




III 




• + 


i -M 


CM 




i cx 


X 


•r— 






• CM 




i C 








UJ 


r— CM 


CM 














I +-» 




CX 


CX 






• * 


• cd 


t— t 






£ 


V E 


E 


i ro t 


i o 


* * 






i *3 


UJ 


a> 

••— >4-> 


<D 


i i_ i 




• CM 


» o 


to 


: "1 


• E 


1 > 




i "O • 


• v> 








♦ +->CM 










• O) • 


i -r— 










i C 






(U 


• sz * 






• CO 


4-> 


'» E 1 


• CJ> 


' c 




*/> *0 Q. 


• ro t 


I +-> 


I i 




*r— 








il- 


r— CO 


i i_ ■ 






• "O 


B 




> to 






a> a> o 


i 4-> • 


! E 




• ro 














• <u • 




• *j 


» O 


r~— 


• >f- 






CX 




i H- • 


i r~ 


• *f— 






» <de 




1 t- 


o 








• E 




1 




* i 


i o o 


C 


III 


• i 




i • 


f 




t i 






<u 


• t t 






• i 



to 



CD 



JO 
TO 



o 

CX i 



CD 

c 



"O 

a> 



ro 
a> 




c»— • to 

O ro 4-> f— 

t-f-r— C CO 

CD t- X 

ro ro X O *r- 

a> • — i— cl. a. 

4-> O |CX 

I CX4-> X +-> 

T3 1~ 04-> <D 3 

CD O) C D 4-> CX • • 
C 4-> I CX • • f- • • 4->+-» 
3 CitJCV 0>4-» 3 3 

l_ •— • t- 1— t 3 > C O CX 

CX 4-> CX i- +-» 

i O) • C ' O • 3 

>>^-" I 4-> • -r- I CX • O 



c o 
CD cx 



a> 
sz 
to 



■o 
a> 
rz 

3 

cx 

C 
s CU 




2 <U 
ID 3 
O ^~ 
O • • ro 
I CD > 
X o I 



UJ CU o 

> > cx 
c 

ro» — r— 

-M ro ro 
v> C C C 

o-*— o» 

O to tO CD 

J3 



CD 



OUJCU 



J3-QJ3 
* ro ro ro 

UJLLL 
« ro ro ro 

O > > > 







he 










o 






o 


to 




CD 


to 


1 1 
1 1 




rn 




A 




>» ' 


1 


ro 


<o i 






u 


to 


> <D 




!_ 


i O 


< 


CD 






jz: 






+-» 


to 


rsi 


• • o 












<=> — 


i O 


ro 




• ro 


•r- 


1 1 


i CD 












i 1— 


E 


t 4->CM 


i o 


1 


limi 


i u_ 

• 1 
1 1 





C 




o 


» cx • 




• o • 


4J 


» o • 


<o 




U 




O 


1 f— 1 I 


r— 


1 1 1 
• LO I 


•M 


1 1— 1 






E 


i s ,i 








i CX 1 




• QC i 


O 


• UJ 




* ^— 


c 


i z 










» CD 


\^ 


« O 


i ZD 




i ^ 






to 


! o 




• +-> 


• -o 




i ro 


• CD 


i O 




• -J 


♦ C 






i l 
t l 


i -t— 




• <_ 




» O 




i 4- 





CD 

J3 



77 



EP 0 923 049 A2 







cd - 










* * 










f— 4 










































• i ! i I 






o 






c^ 




^ u 








fx 






+-» 






4-> V 








O 




c 


c oc 






c 




"O i 






A 


a> 












c * 






N 


c 


O O 


o 




o • — < 




ro to i 




Cl Cl * r ~> 








CL t 




*c— • 




O OCMC* 


to 










CO 




CO >> * 




O CDCM 


I— 






— * 




n i— 




CD UOJD i 






<L> 






•r- V 




^ v •— t 




3 CO • 


CO 




-C 


-o 


N " 






t-l CO 




r— a> >> • 


uu 


r-» CO ZD E 


+-> 


c 


X 








<OU*D • 


ZD 


• 1 — cv^cd 


o 


ZJ 








h-oi— a. 




> o— • 


1 . . 


z +-» 




o 










t— o> i 


<: 


uj co ro 




JD 


OJ 


o> 




ZD OZDUJ 




CO CCO * ' 




31 »-H |XC 1 


• 




3 






04JOH 




CD CJ» i 


HjlI 


• * CULU 3 * • 




V 








xox: i 


i utuac • 


o + arh- o 






CO 


ro 




• 't-SZ O r- « 

4->h-«-"0 < 
> i- ceo « 








t— 1 


> 


> i 






1— -Oh- 1— LU ^ 
ZD^Z21> V w 

a.a)ZD^« cl 




+ 


1 


















4-> 








i o> * <o i 






1-> 


C 


C 








• > to <D i 


a> 


i — zxz> lo*r>e 


t 


-He 








UJwLUw 




i +JNTJ < 








CO 


o 






D> > 




i-Oi— r-C I 




0*0 IZD CvJ4-> 


4->M 


CL 


a 








i 0)J3 E to i 


Id 


l>xzo 


■ *r- 








* V N. 




'p f- 1 




3e: ilu ^ 


a> 




A 


A 








» O-MCOM 




ZD4->I — O C 


to *o 


1 


fl 








♦ OJ-C^ c < 




2 COC4-»*r-M- r- 


o- 








a> <u 




*r— o>e-t- i 


cac 


f-LU 








co 


o> 






» ON- L. 


*r-E3 


0 0>on 






r 


L. 








• CO CD Or- 


► o a>o 


4->OL 






CD 


vd> 


iO CLIO ro 




1 4-> CO 


» OUMJQ 


I CL 






«— I 


-C 


O O > > 




• <UO CL 




<=> 1 • -i-O 






r— 1 






O I 1 








.. . »l_ 






s 


O 


T> 

c 


C C 


• 

do 


»p o>o> 

1 t/>4-» > 


o> o> 


C T>f- 
OlC 






C 


C 


oro-r- -r- 


OtO 


» CO CD Ct- 


» COJD-O 


EZ31- 






a> 


Q> 




CO O r- CO 


• "04-> CD to 


i OiaifO 


"0 0)0 0 






sz 


JZ: 




0> Cl CX 


o> 


















TJU 


♦ <ooa>a> 


> oTTC 
















CO 


» O— U 




o 
















i 3E:Z3Q.O 


» cx> > 
















Ol 


I CO+J-r- CO 




c 

r— 














•o 




I if 


o> 














c 


1 » 1 t ■ 


• ZD 


a> 














CD 


1 1 t I t 


• CO 


o 







CM 

CD 

LL 

















1 • ■ * 
































III* 






















o 


































E^ Ef^ 








CD CO i 




CD 


rOCD<Z>r-4<DCMCZXr>CZ>Tt'CZ> 






o 










-C >> i 


















+-> 


> — 1 








4-»«0 ♦ 






o^ 


o-— o--> 


o^o^-o 






c 










5 J 




A 


4->TJ4->"0 +->"04->T34->"04-» 








HQr*a 












1 
















§ 


CLE CLE 








JD ro 




















• 




EO)EQ) 












CO 


OC 


OCOCOCOCO 




t 












"O CD ! 




t_ 


■Ot'Dt 










1 iH 


0>4-> 4-> 








<UL i 




ClCD 


O 


o 


► O 


O 


► o 






r-H 


l 1 










com i 




O.C Cl 


or- c 


ir-^ on. or^. or^ 








+J| Cl L 








Z3 i 




04->0 
















§ 


oo 


. -ID • -O 


CM 






CO I 




r-OO 


^ 1 




^ I 














CL 






CD CD • • 




-r- V 


i- V 


•r- V 


t- V 






X 


+-> 


! 


* — \ 


E 






-OU4-> • 




f— 1 




«w 


x— ' 












t ZZL 


CM r-H 


o» 






r-C » 




» A CM 
















C 


t ZD 










04->ro * 




•ZL 1 • 


-o 


"O 


"O 


■o 


*o 


"O 


t_ 


*f— 


iO 


•MP ^ 








4-»t-4J ■ 




UJ I— 


















u 


*r— It •*-> 


II 






CD to i 




2Z CO^ 


CD 


CD 


CD 


OJ 


CD 


CD 


> 


CO 




EC\J * 




• 




CO> C • 




qoo 


ZJ 




3 


3 


3 


3 




a> 


• X 






■ 




CD O i 
















R 


ZJ 


i LU 


t— CM w 


CM i 






OOU i 






ro 


ro 


ro 


ro 


ro 


*rO 


* *C\J 






CL w 












Box 












> i 


~% 






V E CM 


§-•- : 






I*4->cr> ! 


C 




> ( 


>. 


> . 






> 


■ UJ 


O) CL 








t_ C ' 




CL.wUJ. 




+-» 














• > 




: 


L- 






o 




C 


C 


C 


C 


C 


C 










•f— * • i 


m 




>COX7 i 


cl 








*r— 




•r— 










<D • 










qvu 


^O 


o 


O 


o 


o 


O 


If. 




• c 




to *0 Cl < 


X 




H-*° C ' 




l > 


^CL 


O. 


CL 


CL 


CL 


Ou 








**- 


— CO < 


Ol 




O^O 


CD 


3Z^v 


CD 














» L_ 




*r— 


<D OO i 




• CM 


CD 1— 


o 


ZDTDOO A 


A 


A 




A 














c 


• CL 




•r— 




r- I 


1 


S 




1 




i-i- 






CD- 






i E 


o5i^ CD 




OJ 


4-> 
















i L-O 


-o - - ! 




i CD 


Z5 C 


t_ 


030L 
















» O O 


c 


o 


i +-> 




CD 




m: 


= 










■P4-> 


1 1 


• «*-r— 




+-> 




► (OC 


» > 


ro C >0 




CD 




CD 














c 


• 1 


• > o~o 




<=> > -«— 


O 


o 


< — i 




CD 


<r> 














• V 


i r- c 




1 


CDO 


CD 


CD 


CD 


i— 1 












TD CX 






i CD+-> <V 


























CO 


! o> 


• a> 


i C ro 


» CO 


*<- c 


ro 




















CUO 


» > 


* o to 


• ^ 


« to 


•r- t-OC 


fc 


C 


C 


C 


c 












' o 


• -i— CO 


• OO 


• CD 


"O o o 


CD 


CD 


CD 


CD 


CD 


CD 














• -MO 


t 4->Ct>-^ 


• O 




sz 




SZ 


-C 


SZ 


SZ 










■o 




» I— O 


' ULf) 


• o 












5C 


3: 










c 


1 t 


• cu o 


i CD CD C 


• L_ 


o 






















OJ 


t 1 


Cc 


• . — 

• CD C O 


* CL 


c 




























i t/l-r— Ol 




























XJ 




• X CT> 


























c 
<u 


tii* 
• lit 


• ZD CD 
• 















78 



EP 0 923 049 A2 















+ 












*•"> 




✓ — \ 








CVJ ; 




CXJ 






TO 












8 


O 
















c 


+ 










o 






.o 




















E 


Er 


+ 


Q> 


Q) 




4-> 


4-> 




a 


II 


CM 










> 












CL 




e 


e • - 


O 


<u 






4-> 







CO CO 

>— i »— » 

CO CD 

Ou Q- 

CC OC 

LU LU 



— I I 



to 



CD 



+ 



<z> 
cx 
a> 



*d a « 
c o 
o> o 

r— "O • * 
C 

•a d a 
coo 
a> -Q o 



c 

<D 



13 
CX 
4-> 

O 



a 
o 
o 



c 

Ql 



to 
a> 
o 
o 

CL 

■o 

C 



c 

CL 
C 



79 



EP0 923 049 A2 



3 3 
OLCX 



3 
CL 



CM 
CL 



0> 



CM 
CL 



a> 

4-> 



a> 



CL 
O 
O 



S 

"CD 



Q-CLQ.CL 

E E E E 

a> cd cd cd 



■o I 

CI- 



^cm ^ 

ZD 

O -M O -K 

LA f- * CM 

lECM w 

><•#-»—» ' 

LUf— CM CM 

h- CL CL 

q:ve e 



I— 
O 



CM 
CL 

e 
a; 



CM 

CL 

E • 

cd 



cd 
to 



"O CL 

§ o 



TD CL 

c o 
a> o 



c 



CD LO 

-LI >>» 
-»-» TO 
JZ 

JD to 

-O OJ 

CD L_ 
CO to 

to 

cd cd • 

-O O 4-> 
r- C 

O 4-> to 
+-> L. 4-> 
CD to 
tO > C 

cd o 
o o o 

4->4-> 0> 
L. C 

cd -»-»•*— 

> CO "O 

ro C 
— 3 
O O 



CM 
CL 


» CO JZ 

• <d»— CD 


i a> 

« 4-* 




• 3 JZ 


i i— 


§ 


• • -M 




-M 


» to c 

» > OTD 


• > 


1 


» *r- C 




V *r 


i <u+-> to 






• -C TO 


» to 


X oo 


i ,*_>•— ^ 


• to 


cd io 


• OO 


• <u 




» -M CLw 


< o 


t— o 


• O i-+-> 


• o 


a> o 


• <UQ)C 


I L. 


> l. 


«i — +-*-»- 


» CL 


CL 


» <u c o 


■ c 




» co r- a 




TD 




* >C cn 




* t • i 


• ZD cd 


CD 


• » • i 


■ z: jq 



CL 
O 
O 



o 

CL 



3 



CL 
ZD 

o 



c 



o 



A 

u 

to 

L- 
cd 



A 

I 

LO 

L. 

cd 



3 



ro 

>. 



O 
CL 



< 

CO 



CD 

LL 



















i i 








1 
























i t 








• 












i 
I 




to i 

•r- i 

#o 


QC 














bits 












a> 




t_ 


) LU 














» CD 
















■o 


> 1— 
















• 












CD 


» Z 














) 4-> 




t 














1 • — i 








>- 






i TO 
















t- 














» r— 
* O 


« CL 














+-> 


» ZD 


i 












» CL 


• O 










. . o * - 




CD 


• * 








X LU 






or* 


• O 










i 






• * 












» 4-> 




CD 










*o 


> CM>- | 






LUC3 






* C 


• «-H 


CO 


CM 


C i 








CD 


: .23 






J — LU 








• f 




O ' 




ct: e qeC <t. 




C 






Oil— 






i CD 


• LO 












3 








LU ^ 






• t — 




i 


4-> ' 








L. 








>• »— • 






» -C 








TO 






CL 


• ct: 


> 










E 


i 4-» 


i CD 




i «■»— * 






z a. 






• uj: 












CD 




* 1 






*o 










i est 


JJI— 










O 


• to 


• CL. 


VD 




CL 


to 


2XIO => 




o 


• UJ|— 2£ 










CD 


• to 


• CC 




i t— I 






»— • 30- O 












CM 




1 s 


• O 


• LU 




• + 


a> 




<-> 






• Zl 


DO 






4-> CL 






* 1— 


• 1 — 


CM 




4-> 








4-» 








3 E 




! A 


« O 


• 2: 






c 


► TO 






t- 










CLCD 


■ >> 


• 1 


i TO 








»— « 


» i_ 


O » 4-> 




4-> 










C 4-> 


« TO 




i CD 


! 21 1 


! CD 


• * 




• "O 




r— 




! 










» L. 


• VI 






• CM 




i a> 


» -i— lO r- O 


H3 






CD 








t L- 


• i— 


• O 


i ZD 


i to 




to 


' -£Z 


■M «~ 






:S 


3 






— -— i +-» 


' <t 


• CD 




• zz 






L, 


' to 


i— c a> 


■a 








i io 


CL r- 




t 










TJ 


• t_ 


<LI x 


CD 


i CD 




TO 




• CD 


to E E 


. CD 


* +-» 


• v> 


• o 




i R 


CD 


• 4-> 


X O 


-C 


« C 




- • > 




• U 


tO <D -r- 


• M 


» o 




» 4-> 


t *r— 




-C 


• cd 


CL. CL 


05 


> 3 


• X 


X 1 






CD +Jr— 


• -f — 




» JC 




! e 




ro 


t 4-1 


CU 


t_ 


» t_ 


* UJ 


CD +-» 




• -M 


D 






» o 


i O 






i_ 




X 4-> 


+-> 


• CL 






• L 


O 


» TO 




i to 








v-> 


:W 


+-> a> 3 


CD 




* 


1— ^~ 




» CD 


t_ a> <l> 


• -r- 


' B 


. CD 


« C 




I E 


CD 


< cd 


=5 4~> CL • ♦ 


+-> 


! CD 


• LU 


CD O 




> > 


i CLr-r- 


1 +-> 






1 -f— 


i i 


» -r— 


1— 


• c 


CL • - 1- - -P-P 


1 


i L. 


• 


> CL 












• t_ 










■ 3 


C 4-» <U4-> 3 3 


TD 


» 3 








i CD 


i - • ro TO 


I E 


• CM 


• O 








TD 


» t. 


' 3> CO CL 


CD 


» +-> 


• +-> 






t 4-» 


» l/) r- r- 


i » — i 


I CL 


* Li_ 








cd 


• CL 


CL r- 4-> 


C 


• O 


• c: 






t 3 


• LO L L 




• e 




* L. 






c 




» C » O ' 3 


3 


• CD 


• CO 






» CL 


i ♦— * ro TO 




• CD 


• « 


» O 






3 


' >> 


*— ' • •v— ' CL • O 


L. 


' 4-> 


• +-> 


ro ro 




« E 




• * 


* 4-> 


t t 


i V- 






l_ 


i 4-> 




CL 




» to c: c: 


c 


» O 


• • C 


















+-» 




» XZ 


* c 




• L_> 


1 i *r- 
















» -M 


t_ 


• -X> 


♦ U 


• o 




o» 




• cc o> 












1 


• C 


O 


c 


t L. 


» o 


to to 


CD 


i i 


i LU CD 














• 


i CL) 


CL 


CD 


• ro 








i i 


» > JZ> 















TO 
L> 
O 



o 

C 



CD 
L> 



TO 
CD 



80 



EP 0 923 049 A2 



CM 



















i 








CL 












i t 




c_j 








CZ> 




E 












t t 




fO 


do 


CO 






* 


d> 

C 4-* 
















»-/ 


o 






A 




















cz 




c 




B 


» to 








O. 






' P 




*o 






**- > 












o 






■ 2: 






CM 




► cz* 


co 


1 XJ 








o 






i zd 


o 


CO 




cu 


CDCVI 


L_ 


* "O 


<----•«—> 








i » 




• o 










-CZw 


a> 


i o 














■ <_> 




cz 




CL 


4-> CL 


sz 


1 N * 


TZ* CL 


CL 




1 






• 1 


CO 


a> 


• ZD 


E 


• E 


4-> 


• CL 


C E 


E 






> "O 




i X 


1 — 


e 


• O 


a> 


l CD 


O 


• e 


zj a> 


cu 




i LU 


un 




TE 


f 

CO 


i cu 


» 

► 1 




• 4-> 


> — ' 


i CD 
' 4-> 


04-> 
JZ> 




c 


» 3Z 


» o 


► « 1 






'cu 


l X 


a> 


• C 1 


1 




i 


B 


o 


i » — « 


i -O 




( LU 


«J 




I LU 


> 


► 3 * • 




• X? 


v • • 






• o 




+ 


• > 


oc 


• >> 




o 


> o 










to 




» "O 






LU 


• ro 




2: 






|S 






cz 




► CZ 


IS— 


i CM 


r— 


• i- 


I LU 




1 *•-> 






+ > 




cu 


' ZD 


► ro 




• cn 




i c 


• > 




i Vw 










E 


* ex. 




■ OJZD 


• o 




i ro 




»— i 


I CL 




i CM 


•r->CL 


CL 




"I— 


> CX 


• DO 




» 1 




> O 




• *«->E 






* E 


E - - 


■o 


» ZD 


• e 


if— <_> 




• 3: 


■ CX 


i 4-> 


CL 


> * <u 


a> 


■ CL 


» CM <L> 


ai 






i Q> 


• ro | 




» r> 


■ B 




a> 


• CM+-> 




I 0) 






4-> 


It' 








> z: 


• a> 


i CZ> 








• 4-> 






3 






• 5 




• *-» 




CO 






• CO 






CX 


• ZD 


. <u 


1 4_>l— 


• o 


■ o 




i c 






lo -a 






to *o 


4-> 






• CZOC 




• 4-* 


> t- 




* 


i CZ 


t i 


V- i 


^- c 


=3 






i -»-LU 


• C_ 














• > 




a> cu 


O 


to 


' *o 


i o=> 

• CX 


fo 


i CD 


• ro 
i Q- 


• *«~r> 












JZ 






1 




' cz 




1 I— 














<J 


> o 


' 4-> 


• 1 


* CX 




i i 


• o 














rO 




1 




t o 




i t 
















o> 


> c 


• CZ 
t •— » 


• X3 

• excz 


Lo 


























• e is 




• 1. 


















Fo 


' T3 


1 1 
• f 


i CD O 


1 1 
* t 


fo 



















CD 
CO 



^ooooooo 

o Ot^OCMOCO O^OLOOVOOr^ 
«M 

c . - 5x» 5*0 ^-o 5td 5X3 jETJ 5x> 
O x -^ 0 s * ' O^-" 0 > *-' O**-^ 0 s —' 

*oa c c c c c c c 

^•^•^x^ o**** 0>--* 0 s — ' Ov-/ o 

Q. Q*~^ C^^* Q*?""^ Q^n Q^\QO O. 

X|t-*0 *0 TJ -O TJ -O "O 

CNI — ' 

I a> CLQJ QJ d) QJ 

I— Z> Z5 3 Z3 Z3 Z3 

2: t — I * — 

ZD roVro ro ro *0 a> 

■>>>>>> ^ 

I I 1 I I I I 



8, i 

X c c 

LU V> #- *r- 

I r~ O O 

a: a a 



3 



ro 

> 



01 
3 



ro 



o 

CL 



o 

CL 



o 

CL 



o 

CL 



o 

CL 



cz 



o 

CL 



X3 


LU"— 


















• 




=> i- A 


A 


A 


A 


A 


A 


A 


A 






o> 


^ 1 


1 


R 


1 


1 


1 


B 


n 






3 


O X 


















CD 




4-> 0> 














CO 






ro 
















(_ 






> 


O t_CD 


1—1 


o 


f— t 


o 


i — i 


CD 


OJ 


<u . * 


TD 


I 




c=> 


»— » 


1 — 1 


cz> 


CD 


• — 1 


-CZ 


CO 




4-> 


c: >o 


CD 


CD 


CD 




i—l 


r- « 


4-J 


ro CL 


i 


C 
















O 


OO 


» CZ 


■f — 


► o> 
















O 




o 




c 


c 


c 






C 




T> — 


» O 


CL 


i ro 0> 


OJ 


o> 


a> 


a> 


CD 


o> 


o> 


C 


i CL 




» i- KJJZ 


sz 


_c 






-C 




JCZ 


CUTD 










? 












CZ 


• I 


i 


















CD 


I • 



ZDO 
OP 

uc 
is 

X o 

LUX? 



o 

CL 





1 




1 1 1 t t 
• till 






V 




X3 » 










CZ • 






• 




ro to » 










co^~ >. • 






♦—4 




O) co^Zi i 
3 to » 


CO 




CO 


1 


r-0>>> 1 


LU 




Pa_ 


(QUID • 


ZD 




>o— * 


-J • • 








ca> » 




1 
1 


ZDLU 
OH 

i X 


1 


CO CLX3 • • 

o> o> ' 

OOICLLZ * 
-r-.cz O r- ' 
4->f— t-X> ' 




4-> 






t~ exx? • 




CZ 






OJ . ro i 


Q_l— • 


ro 






> CO OJ i 


o> 


4-> 


i LUw 




-MNX5 < 


3 


CO 


• > 




X3f— f-C i 
0J.Q E ro i 




CZ 






ro 


o 






\ -M t- i 


> 


u 


i X5 




UPCO) 










r OJJZ'r-C 




cn 


• o> 




— 0>Er- 


cz excz 


CZ 


• 3 




» 0>-r- t_ 


•*— E 3 








> co CU 0 »— 


O CD O 


X3 


• ro 




» 4-> ro 


CX4->XD 


CZ 


• > 




> o>o cx 




3 






' JC+-»X> 




o 


• +-» 


CX* • 


i 4-j a> ai 


CD CD 




• CZ 


o 


l C04-* > 


CO* i 






O CO 


t COOJC-r- 


CO o o 




• O 


r— CO 


i X34JOJCO 


► CD ro ro 


t 


i cx 


o> 


• X3 ro E CO 


O-r— 






XJO 


• ro O O) 0> 


i o c_ t- 






CO 


« Cr— O 


i C ro ro 






OJ C- 


• ^ 3 CLU 


» CL> > 






CL 


1 ZD L. E 3 
l (/)4J f- CO 


i CZ 






X3 










CZ 


1 t t 1 • 


ZD OJ 






o> 


1 1 t ( » 


CO X) 



81 



EP 0 923 049 A2 



CM 



Ol 
O 
O 



■o 
c 



o 



x 



o 



O 



o 

T> 
C 
3 
O 

jO 



CVJ 



o 



3 CX 
O O 
-O o 



c 



4-> 
3 
CX 
4-> 

O 

Q> 
4-> 
«U 
O 

C 
3 



00 CO 



a: c£ 



=> ZD 
+ 

»^ O 

^ C 

w O 
CL-O 

E 
Q> 

R 

V 



4-» 
3 

Ol 
-M 
3 
O 













' +-> 














CX 




> a> 


o 






o 


CO 


1 




CO 






a> 


> CD 




u 


' c 


c 


o 


i 3 


a> 


t- 


) f_ 




Ql 


» CL 






» X) 




c 


i C 




<u 


> O) 



CJ 

CO 

d 

LL 



82 



EP 0 923 049 A2 











i i 








CO 


























► 4-> 




















































-O 














Q 


























Q 












i a> 








t i 


















a l 








I C 


















! 'o 


• CL 






» O 
• 






o 












> CL 


• o 


















XLU 






ter 


• o 






oca 






o 












t cr 


1 f— 1 


ro 
















h— LU 












1 CNI 




























• 4-> 






1 #— 4 






UJZ 






i a> 






• i 


* *r— 






1 ' 






-azr>»-4 






► XT 




t-H 




I 






yy cr 






co 






► +-> 




















ro 




o 
















«x: v 
m 








» i 


<=> 


» CO 

» to 


PP 


to 


t f— # 


I o 


o 










-CM 


• i 




• o 


i LU 




i + 




o 


• 


. Q.U-T- 






-M CX 






> i. 


• r— 


CNI 


1 *r- 


t c 


+-> 




i cc 






3 E 


• to 


» A 


■ u 


■ Z 












i UJ CLr"^ 


* — * 




CL0> 


• >> 


> 1 


i ro 


1 1—4 








1 




t h- o^-> 


•*-> 




C 4-> 


i ro 






• 1 


O 


* * 


* o> 




tO 


• — 








• V_ 


> i/> 


• <U 


• 31 




• CM 


* o 




to 


• 


_^ 






• t_ 


i t_ 


i u 


• IZ> 


to 








re 


* |V co 


to * • 






• *t 


» OI 




• z: 








o 




» 31 ro 


ro 


to 


i Cti- 




» -C 










• to 




a> 


• rr>— 




CD 


> co e e 


■ a> 


> 4-» 


» CO 


I o 




> 1 




+-» 


* 2: 




O 


» CO (U-r- 


• M 


» o 




• 4-> 


f— 




• -o 




*o 




<U 


■r»- 








i XT 




E 






"O CX. 


t_ 






•M 


' u 






• o 


> CD 


T~ 


» -M 


« o , 


c o 


a> 




r— CO 


t_ 


» o 


• ro 




■ <o 






t **» 




o> o 


cr 




ai <u o cl ♦ - 


a) 






' 1 


■ a> 


) c 




• H 






a> 

CD 


» "•"■> 


r— O 

O CO 


> 


» cu— *— 

> jQD 






■ C- 




t 

1 1 




( • 
• I 


"O 




t L_ 


*o« — to 




I (O IO 


• c 


i CM 


• O 










c: i 


i 


:£ 


c a> 




» tr>i~i- 


• • 


( Ol 


• u. 










a> i 


* 




<u*o o 
c o 
a> t. 

Cl 


Compu 


iUJUL 
i i m co 

» O > > 

1 »— -r- 


t t 
t t 


tem 


t • 
i < 


for 














■o 




■ cc en 




















cr 


i 


i liJ O) 






















CD 


i 


» > -Q 

















CD 



t 1 






• - O - ' 


5 


>- 




£ 
>» 


c ! 






>- r o>- 






CO 


o < 






<CJ< 




oc 




C 










o 






o 


at 






mo 








c 
















f- 


o < 










ZD 




o 


CL < 








o 


O. 






<- i 






Ol. <!>•— « 










Ol < 






ZiDO 








4-» « 






• Z3CL, 


a: 


o 




(- 


C < 






<-> 


c 








•— i 






«*- 


o 






ro 




CO 




o 


+3 


* -M 




•o 


ro 






i c: c 


3 cr 


i Z3 




ro 








» -f— CO*<— 




O 












+-> 


'o* r ~ 


r— 








» ro 




•— c 


CO 


<U 




'!•' 




r *r— 




<u 


Q> 








U 


» T3 




X o 








» to 


» fO 








cZ 


ro 


» c 




> L_ 




<x 


QJ CZ 






• o 








X 


o o+-> 


"O 


i cr 




it,' 




+-> <v 






fO 














Ol * * 


l_ 


1 QJ 




» CO 




CL • i_ • • 


4-> 3 






i t_ 




» cz 




CP <U-P rot— 


3 3 


e ' 


• 3 




• o 




t-43>c:— joocl 


>> 


I 4-> 




• c 




o. 


CO 




to 


• O 


• 






» c . o 




• 3 


C 


• <V 


■ c 


! >s 




• -r— 1 Q 


. i c 


• O 


O 


» 4-> 


o 


» +-» 












• -r— 




» -r— 
> 4-* 


<_ 








■ --o 


rh 

cn 


i 


• C O 








cr 






• <U 


O 










• »0 



^ >- 

i. ->-^. 

ZD 

uj<x | 

CZ3 tLUr— 
UJ^r— Z 

Z<UJO 
•nf >a 



s 



3 



ro 

** > 
x X I 
cu - • ai +-» 

f— JkC 4-> c 
QC CO 1— *#— 
UJ ro CD O 
> E > CL 



c 

4-» ro ro ro 

to cr cr cr cr 

CT CD CJ> 0>r— 
O "*~ CH 

O to to CO (U 



or 
UJ 



cr 




i i 




o 




• ■ 






cr 








o 


is 




3 


*r— 




• Cl 






i <u 


t o 


*o 


3 


• c 


t o 


to 




• o 






*o 








CO 




( CM 




01 






a> 


t- CL 


i ° 


! o 




O 




« 4_» . - 




' +-* 


• JZ 




4-> 




• o 


i oo 


4-» 


CO 


* ro 




ro 


co a> 


* a> 


I cr 1 


— 1 


► Or— 








<J -O 


1 t_ 




OJ 


O *0 


• o 


! cl 


+-> 


I l_ -r- 


• Lu 


t o 


3 


' CLL> 




• 1- 4-> 


CL 


i ro 


i i 




e 


i • • > 


i i 





CC 
UJ 
CD 



o 



Of 



Q-^CM 
I v_<» 

cr cl 

CD O O 

O CO CL 
XJ <D O 
«- 4-> 

CM 



a> 



o 



CO 

±c 



Co 
X) 



83 



EP 0 923 049 A2 



OOHO(MOCJO^Ol^OU)ON C=> 

O O O O O "» O '"■^ o *~ * 

T3 4-> "O P T3 P *0 P "O P "O P "O P "O "O 

C w Cw C w Cw C w C w w I 

^I+JJPJ+J J*J||J|4J P V 

COCOCOCOCOCOCOC c 

"O *r- T""J *r— "O *»— "O *r- "O "O -r— "O -r- ^ 

o OOOOOOO O «— I 

Qj — or--, qts cxr^ QJ-^. QJn. qj^ Cl cl < 

w w w w w w w v — < CO 

-O -O -O TD -O -O -O HOHOL 

w w w w w w w ^ ZZ.OC 

<l> <D <D <1> <D 0> 0> DODUJ 

3 3 3 3 3 3 3 OPOh 

(O ro «0 rO rO ro fO I i 

>. > > >, > >. > X OX | 

I I I I I I I UJT3UJZ 

-U <M 4_> 4-> p -M I — I — 3) 

c c c c c c c ccr^orz 

*r- -r— -r- -r— -r— UJ wUJ ' 

OOOOOOO 

CL CL CL CL CL CL CL w w 

{}}}«{}.. 2 § 

U» 0> *- 3 3 

= = *sss L. t/> r— t— 

•— ♦ O •— I <Z> r-H O (U ro Ctro «0 

O ■-«*-• O O *-t JC 00> > 
O O O t— l «— l »— « 4-> O | | 

* s s x s s O "Or— -P P CL • - 

— c c c o 

C d CZ C ZZ C C 0**0 *- *r- O t/> 

<u<ua><Li(u<ua> c o o • — t/» 
^ je j= jc j= j= jr o> cl cl ai 

c o 
a; «_ 
a. 

-o 
c 
a> 



a* to 

JD ro 

-o 0> 

Q} L. 
CO ro 
3 

V> 

a» <jj • 

XI UP 

i- c 

OP ro 

a> v> 

to > c 
<jj o 
o o o 

i— c 

<DP*r- 
> 00 T3 

fO C 
H-r— 3 
O O 

tt> L. 

<Dh- a> 



ro c 

> o-o 
^- c 

(UP ro 
.C ro 



l-P 

a> c 



fl)CO 

CO**- Cl 



: 85 



a> 

3 

C CLC 

e 3 

O Q> O 
CL4->-0 



8..r 

U. ro ro 
CO > 



o 
o 



CL 

o 
o 

Cl"~ 
OCM C 
O^ Q} 
r- r-|— 

«-H 0O*3 
, l—O-^ 

LU CD l 
21 tX C 

• ■ - CXLU 3 

o. + ah o 

r-T3r- h- LlJ 



ZD 

a_ a> 

30 



jo*: 



O.ro t3 CM 

DPP O C 
t-UJ -r- 

o o >*=>---> 

CL 

i C'C 

O I - .-r- O 

H_ 

C "O-r- 
f- CLC 



!5£ 



CO 



o> 

JO 



CD 
CD 



3 w 

C 3 
'r- cl 



*Oo8 
C 

ro*-* 



to +-> 

■ ? 

C\| 

oO CL 



CM 
Cl 

e 

Q> 











in 






Cl 






r— ■» 


to 






O 






*r— 


^ e 






O 






1 • 














E 
1 


-r- 4-* 






O . 






*o 


|g 






O 








w-O 






ownt 


* i 


«— « 

CL 

§ 


1 — % 
CL 


► Q.ro 

e 






-o 


t i 




» — * 


4->'*— > 






c 
















i § — i 


■ 


r— i 


1 X 






« JC 


i -*-> 






-* CL 








1 1 i 




i I 


e 






CM 


• cu 




> 




CM 










1 








h^ 


1 




r— i 


+ 


1 


> i 


ZSZ CM 






» f-H 






• t 




i r— l 




► + 


1 f-> 


+-> 




> -•-> 






1 * 1_ 






§1 


• * 






I CM O 


D 


: % 




• CM 


CM 


• CM 


1 "s— * 




• L- 


X*r- 


l I * 


>w 


i 1 i 


» \-/ 




■ L. 


LUr— 




• CM 




» CM 


CM 


• *o 


fev 


! a. 


• Cl 


i CL. 




CL 








» e 




: £ 




• X 


LU 


i t 


i a> 


i « 






• a* 




i i 




i • 


• -M 
















**— • - 


:I 


























V> "O CL 














r- CO 


I o 












<U Q> O 


• 4-> 


-»-> 












• c 



I— 
O 



-O CL 

c o 

CD O 



c 



CM 

f 



V 

V 

a> to 

1— o 
a> o 
> «- 

CL 



JO ro 

<U 1- 
v> ro 
3 

to 
<U OJ * 
JO OP 

OP ro 

a> io 

V> > C 

rjJ O 

o o o 

Z>p ar» 
I— c 

CUP-r- 

-> pto 

ro C 

O O 
CD t— 
U*>JC 



ro C 
> OT3 
•r- C 
OP ro 
JC ro 
pr— ^ 
OO 
P O-w 
Ot-P 

a> cu c: 

r— pr- 
(UC o 
OO CL 



O 
CL 



X 

a> 



to 
to 
CD 
O 
O 
L_ 

Ct 



I 

-o 

CLOI 

ojc cl 
op o ^ 
< — o o ^ 



• A CM ^ 
Z I • "O 

laJ H— * WF 

-— . !_=> 3 

o <uo 
^^x» >, 

QwwLU tOP 

o v lu^ o 

ZJ >^ Cl 
^wp CU | 

a> p 

O 30 L- 
p. — CU- 
rO C >C=> 
CD >*r- O 

I a>o 
CP r- io = 

»- C ro 
•r— t- (J C 

-o O O 0) 

CLt- -C 

t_ 3: 

O 



x cn 



84 



EP 0 923 049 A2 



















































+ 
















































































CM 








CM 








































TD 












Ol 








O 








o 












E 












CU 










oo Co 






A 




CU 








pu 


1 — I— 

1 1— » 






1 




JCZ + 








=3 




> 








+-> 








o 




* 




to 














O. CL 


CM 












**-> 






a: cc 






<u 














LU UJ 


Cl 




-C 




■O CL 




CL 






1 — H- 






4J 




CZ E 








+ 




<u 




O 




rj <u 




CU 






1— 1 1— 1 


+-> 








o +-> 

JO 




-»-> 








i 




8 




a 




R 




CM 


ID 




















+ 




















o 


*»— > 












o 
























c 


c 


CL 




CL 




T> CL 




Ql 






CD 


a 




e 




* e 








O 


w o 


(D 








CVJ Q> 




CU 




-O 


0L"O 


+-> 


CU 
CO 


+-> 


<>- 


' 4-> 


as 






CL 1 


tern 








c 








c 


o 


n 




ai 




CU 








CU 


o 


V 
















r— X> 

cr 





"O 3 CL"0 
C O O ^ 
(DX» OP 

CL 
+-> 
C 13 
CU O 



O 

LL 



CL 
O 

o 



C 
CU 



CO 

oo 
CU 

o 



CO 

CZ 

o 



CZ 
CU 



CZ 
CU 



85 



EP 0 923 049 A2 



A A 

;r*> ..11 111 

* CO* ^ Tj- CO 

* 4~» -k o o ^ ^ ^ ^-x^ 
•K C * i— I X X oo 

* CU * r-H O O «-H<\JCO > > 

* C * O A • * . . I I . . 

* O* X A AAA r-.M 
f Q.* CD ^ A A A ^ > > 

* E* _ ^ j-c OO • « • • ■ | lr— I 

* O* oO c\i to try >> > rr> f- > 

* O* CD fO dJ H Cv) CO .... || Ill | 

-k * -kjxeeoooo hh oo cvicmcvjcm 

* ±£* coocj>oxxxx ^ ^ > > >>^>>>> 

f R*£ ,^ °° « > > our hh > o>o>our 

* w * * * HowcMcvjfH I icocococoro 

* _* w> + + — * o o* * e > e E e > our e e e e e 

it * + fo <w w w — ' * .^c ............. 

* C* E ^ ^CM f— » r-H * C* r-4r-*C\J CM CMCMCVJCVJ CO CO CO CO CO 

* *0* ^^^C_) — ^ w* •*-* >>>>>>>>>>>>> 

* * ^ H CM V V A* OHe wwwwwwwwwwwww 

* (NJrMrH r-i V + V + A + * f- * 0>JT 0> O* OUT XI -CT 0> O* 0> O* O* 

* * A A * L* 

* co* V V V A A A ^/-v^^^i o* IHIfiillRRIIII 

* JO* VV V+ A H CM ^ CO * * <3 

* * /-s^/^o^Tt^GOX x x x * o* in 

* co* HHtvitviTtooooovo o A o A * «-* 

* CO* OOOOO XO X V + A A***-* , I 

* O* X X X X XO XOofl e<] oS «9 * * 

* t-* OOOOO o ^ ^ ^ ^* +-»* oo ^ 

* U* eO oQ fOi-l rtJCVI lO^t <U00* CU* >> * • 

* *0* eOeOeOcQeO t<J wOwQwOwO* CO* | | f p-| 

* * ^ X X X X* H-* H«-t 1 1 J 

* cu * co co co co co fo to ro * o* OO oo h | i— i — — » 

* O* (OOiomioEiQ Ew«8wo8^ojj woo* * > > > > > our > I I 

* — * E EE E EOOECO * OJ* I I I I I I | |UL 

* — * <CQ<CO<5C^-'^^€»OjQ«a^lftOjOc>OX>* -M* rHrH »— I r— • CM CM CM CM 
-K CO* wwwww w www. w* 3* >> >> >>>> 

* ^ * ^ wo h n n * a* oo— • i I— i i rvi I I I I 

* 2* « + • + i ■ <-fi-fi-fi-f« uf *— * \-t cm cnj cnj cm cm ro ro co ro ro co 

J o* eeee>>>> ^v.cj»j3oio>0)j::£i: o»o»d»o»o» 









r— i 








• i t 








r—» C 








u-*0 








«Mi- 




* 


* * 


3+J 




* 


* * 


CLZ3 




* 


* 


c»— 




* 


* 


-r- o 




* 


* 


CO 




* 


* 


t_ <D 




* 


* 


ro £- 




* 


* 






* 


t 


O t- 




* 




m 




* 


* 


X>-C 




* 


* 


<u u 




* 


* 


tr 




* 


* 


o>*o 






* 


-r- cu 






* 


CO c 




* 


c o» 






* 


3f- 




* 


* 


CO 




^* 


*-^* 


w C 


f 


* 


w* 


r> 






* 






* 




t. • 











a>oo 




o 



> >sz > > 

J-f lift I 

CO * -rHCVJCMCVJ CM 

ro > > > > oooo > oooo 

EN -"O I I I I >.>.>.> I >.>.>>. 

w > i ourx: o> I I I lo» till 

-COCO | I |* T-tHiHiH I- -fHrHrHrH 

S X~cvI J ='o»' > , > lo» ,> , C Y = , C Y : u= l> i e V = lfV=l 

E E > HH CM CM CM CM CM CMCVJCMCMCM 



m J - -o-I > l > tM- > l > l > l > l > tM ^l^,*^! ^^^{ St X^-K 

~ > l > i C , 0, | > ( C | 0, | e Y=( C . > j £ =|° , | e Y=( C , r^ m | 2| 

CO JO •—♦CM CM CM CO CO CO CO CO CO CO CO CO CO CO CO OHWjt * O-O-O- 

<«de> o>o>our o> o» o> cn o> our jt x: jc x: x: o o o* «j 

t- C (. f„ C_ t. t- f. L. C f. U U L. t. L. t. t. t. 4J4J4J* ""-It <f-H-«»- 

rop<a(o<oniioiD<DiD(Q<o(0'Qra(oioro(oia n rJ * 0*000 

x err £j:r jcjcxrrrrrjcrxrrw^r-r-r-* 4->* xxx 

o-^- o o o u u u u u o u u u u o o o u o* * * o o o* * ooo 

•O -0-0-0-0-OTD-0-0-0-0-0*0*OX>-0"0-0-oic wt S <5 5£* 13* I 1 » 

cu <u a» a> cu cu cu a> <u <u a> o> <u o> a> a> a> a> cu * * i_ u t- * • — * Nil 

c crcrccrcrcrccrccccrtzcrccrcrc:* co* * ro* 

CD 0>0>0>OVO»C7>0»0»0>0>0»0>0>0>0>0>0» OV* ro* V V V * > * ■ — t i M I 

-«— m— *r- t- -r- *#- -»- -r- *<- ^- «r- -r- f- -r- -r- * 31 * V V V* * OHCSJ 

co tocotococococoiococococococococococo* * *+->* L—H — n — I 
£ cccccccccccccc:c;ccc*cu*Hr-<r-i*co*4->4-*4-» 

=> +J* * ro* r3r3Z3 

* ro * www^e » — * O.O.CL 

«-t-t-«-t_t-«-«-l-l-t-l_f_L.t-t-l_f-t_ t_ * 1_* -K * sr c cz 

cucua>cucucucu<ucu<u<ucu<ucucucucucuo>cu* CU* I I I* O.* -f— i— 



+JP+J+J4J+JPPP+J4J+J*J4J+J#J+JP4JP* C* * ro * 

COCOCOCOCOCOCOCOCOiOCOCOCOCOCOCOCOCOCOCO* CU * ^ * C*www 

'f— -f— *»— -r- *i f— -*~ i— -r- ^ »— -r— t— *r— -r- -r- * CD * CO CO CO * CO * 

^^ D ?^^^^ OT ^O>O»0^0»O»0>C^C^C^O>C^ * ro fO fO * * I fl I 

cu<ua^<ucu<ucu<ucu<uo<ucu<u<ucu<ua>(ucu*** e E E * * * 

LLLULLLLLLLLLLLLLLL LNN\<CQUN N«JiDU 



86 



EP0 923 049 A2 




CD CD CD CD 
> 1 > I > l > . 

CNJCN/CNJCNJCNJCVJ C\J CNJ CNJCVJCNJ C\J C\J C\J C\J C\J C\J C\J 

coocococococo~ co co co co co iro co co co co co co co ! oo U $ ^{ 

>.>,>>>.>.>,. ^ > . > . > . > . > . > .>.>> >>>>=* *•»->* K >>K| 

sWcWc'x:^^ S<2 vIMo}*!^^^^^ t3t~ 

< w m rt— w n n iA tH n wMHw nnww w w ww wt A * co* L_ l_ l_ 

' W " M II M H * A I M m W MUU M - M 'N M II M M M M»A * <U * IO ID (O 

r^r^^J~ , J~^r H J^ >^^c^c^csjc\ic\jcNic\icNic\jc\jrsic\jcsiCsic\ica * t_* jcjcjc 

c e c c c ceg* ki| c c c c c cc c c c c c c c c ceo 1 ul 

ooooooo x f o>* o o o"o o oo o o o 0*0 0*0 o o*3< * Si 1,1 

cxq.clo.clq.olo? -m* CLQ.QQ.Qcicxo.clctclo.c^^ I J 10 

+ + + + + + + +|£Jw + + + + + + + + + 4 + + + + + + £ ^ 

f _ *3* q\cLq\ 

** s ■ J * s is is is o 



OO 

>,>, _ _ I 

• > l"l - > l > l * 

OXC. 1— It— I r- It-H 

cVcnj' P >,>£>,>, 

> i > i.. > i°V c i > i°r = 

_ • 1 \~ ,L ■ ,L .L .L 1— m— 1 1 H i 1 11 1 1 w 1 .... . , 

•^-^ c^c^c\jcm<\ic\i 00 00 00 00 00 00 

d d > cncncnjc-c-c r-*W ^.U. 1 

co co co co rococo co co M I \ V-» II — iih-^ll 

o>cn^2-c;SIcjcS cvirxicviUiUiCNi 1 cjcnjUjcsjcvjcsj 1 c^c^lc^l^^JC^JCJ , 

^ > | > | > | > « > | > R? > I > I > I > I > I > I c^f^fVl^ 

CO CO CO CO CO CO CO CO CO CO CO CO CO CO —x CO CO CO CO CO CO CO 

OO «p<p OO ujlji HiiwnwnnhMHMM ii.-iA - - " " " - 

•- > .- > 1 > ( >. > > I MH M III I MM I IMIIH MMM II lA 

rnU _h Lh ^ iT" sssssspsspssssss ^ ^ 



Cn . X - , > C7»X: > CM:* * i— f~ -r- f- ^— ^- ^- ^— .,- ^— ^- ^~ ^— ^_ q ^ * -r- -,— -r- r- r- -r- 



87 



EP 0 923 049 A2 



Cl 
O 



R 


to 
ro 


CL - - 


2: 


O 






OJ 


-r— * * 


at 


■O CL 


t_ 


c o 


a> 


oj o 


c 






-o 




c 


1 t 


qj 


1 1 



Ol 

o 
o 



o 



CO c 
I — CD H 

Mr v 

CD +-> 

ex. 

oc: ^ 

UJ Q.^ 

I — o—> 

21 +-» w 
IV V> 

^ ro 



to 
ro 
EN 



CD 

to T3 Ol • • 
r— CO 

OJ <u o o. 

s 



"0»— to 

C CD 

c o 
oj c_ 

CL 

■o 
c 
ai 



a: *- 

XLU 

UJCD 
I— UJ 





to 






■M 




•a 




O » 






E 


1 1 


O < 

1 ^ ! 


to 
uo 




-c\i 


1 1 




0 










t. 




s& 


1 to 


I A 1 


0 




cxai 




1 1 < 


rO 




c +-» 


* ro 










• t- 


1 CO 


a) 






t C- 


1 L_ 


0 




f~« 4-» 


» <t 


» qj 




to 


CL«- 




» JC 




Q> 


v)EE 


I OJ 




to 




V> OJf- 




: s 












» JC 




O 






• 0 


f- 


O 


• *o 




• *d 




t. ai o> 


• ^r— 


' 1 


1 qj 


> 


Cif— r- 


» 4-> 








» -OjO 


• *r— 




1 t- 


01 




• C 


! CM 


■ 0 


-M 




• • 




1 u. 


3 






: e- 




CL 


> •— l ro fO 


1 1 


• o> 


1 • 


EE 


»<_>>> 


• • 




1 • 


O 


1 c 








<_> 












> cc a> 






• 


1 UJ CD 








• 


i > jQ 









CL 






0 






0 


















t— 1 


r CO 




1 




» CNJ 


CO 






1 — 


» V 


l l 




1 r- 4 












xa 




a: 




1 * — 1 


UJ 




• + 


J— 


> CM 




"Z. 




l 


»— 1 




l * 




1 0 


• * 






• CM 


-3 


> to 




3: 






O 




; 1 


•M 












O 




• 4-> 






t ■•— 


C 




j e 




1 1 






■ 1 










1- 






O 






**— 







< 

CO 

"si- 
CD 



ro 











i_ 1 


CO 
















1 1 
1 ( 








■0 1 

CU 1 


TT 




1 • 




















JC 1 


















c • 




1 




nj 1 


















0 • 




1 




L. 1 


























4-J 1 


a: 
















4-> • 




<D 




OJ ■ 


UJ 
















«J * 




f — 






l— 














CD 






-Q 






-z 














JC 


0 ! 




fO 






»— § 














4-» 


cl 1 








CU 














» 1 




t_ 1 




1 1 




c < 




>• • 










t * 




OJ • 








3 


ZD 
















+-» • 








L. 




^ .: 










! cu 




c • 






Cl 


* 












1 UJ 


1— 1 






>- o>~ I <t 










Od 






» 0 








s u s g i 




e' 


CM 






UJ 






* UJ 






to 




>> 




CO • 


CD 






. 1 — 




ro » 




T AR 
from 

LUTI 
UT^A 




to 


■ >- 


□dZD • 


J* • 


UJ 






* zz. 




in 
Jp 








: 




NT 






% •— 1 


cu « 






c 


ctroc: 




J 








I 0 


> CLwCM 


-C 1 


t- 


=> -z. O JX 
















» +-> 




ro 1 


■0 


CX CU»-4 • CO 1— 




*»- 




C i 




1 t 1 








L_ 


a> 


• UJ ZD 




0 


O * 




1 1 1 




! or 




4-» 


JC 


»— • DO- Q£ O 


«_ 




• H-to 






C 






• 0 


! "ca 




ra 


CJ C 


XJ 




1 


UJ 0 1 


1 


O 


l 4-> 1 




• 1— 


1 CO 0 0 




L_ 


O 


a> 


» 4-» 


1 *— 4 2- 


> O- 


3 < 




l C 


Ol 


• 0 


1 1- 4-> 




-»-> 




jC 


1 1_ 








-M 


» OJ 1 


O 


1 UJ 


1 OP 




QJ 


O 4-> • 4-> 


a? 


1 4-> 






► *o 


3 


• c 


O 


1 > 


1 4-> 3 « 


► a> 


4-» 


» C C 3 C * 3 


t_ 


> CU 


I H- 




to 


r— 


• 0 








► c 


"o 1 


1 -r- iO -r-r— O 


4-> 


» 4-» 


t ZZL 


ai 


• QJ 


O 


1 Cl 






! 5*0 


> 3 




4-> O r— 


0> 




• ZD 


3 


> OC 


CO 


• £ 


CM 


1 t 


i O to Cl 


1 t- 


a> 


« — c to a> 


4-» 


: e' 


• O 






OJ 


• O 




• CO 


» "O CD O 


» 4X 


C 


CD r- <D >< 




» >> 


• C_> 


ro 


\ OJ 


u Cl 


< O 


l O 




< t— 4-J 


O 


3 


X O Cd -r- 




1 to 


• 1 


•- > 


' 0 


► O 






• +-> 


1 CM 


L_ 


Q- • * Ol, 


ai 


• c 


» X 


X 1 




i ^+-> 


• JC 




1 c 






Cl 


cl> ai e 


c 


■ 0 


1 UJ • . 


CU 4-> 


1 4-> 




i O 


• C3<3 


• OJ 


• CZ 


■ l- 




x 0 ov* 


3 


» c 


1 h--* 4-> C 


■ +-> 


► to 


• ro 




t > 


1 r-M— r 


• +-> 




+-> cu 3 


i_ 




1 CC V) t- 


1 <o 


» to CD 


1 OJ 


' C B . 


» c 




• cu 


» >> 




Cl 


• QJ 


• UJ fO 


CJ 0 




1 air— 






1 0 


» *•—> 


• H 


• to 


a u . --m r>4-»4-> 




l L_ 


• > e 


> CL 




• U-O 


• f- 




t C-> 




* E 


i C 


c: +-> a* +-> «t»i— 3 3 


«=' 


1 3 




* QJ 


• O ro 


• O 


• ••— Ol • 


• 1_ 


• >> 


• O 


Z3> C_J OO Cl 


>>» 


» -4-> 






t +-> 


• L_ 


« Lu 


» O 


• 1 


• O 


> LO 


• c 


Ol -f— to 4-» 


00 


• O 


• c 




t 3 


• ac 




1 C- +-* • ' 




1 1 




• C • O ' <D ' D 


C 


< OJ 


• fOi — 




* Ct 


• ro 


t * 


• 0 






• C 


• >> 


• — » f— • CL » C_ 1 O 


O 


• 4-> 


* -»-> «o 


fO fO 




• * • > 


t • 


t M— 






• O 


• 4-» 




c 




» to c 


C C C 




• CO c 










• z 




+-» 




• -C 


• c cr» cn o>-r- 


» t_> 














• 4-» 


C 


- -x> 


• U 


* O -r- 


•r— -r— O* 




• co o> 








1 t 


• c 0 


c 


1 U 


* 0 to to V) cu 


1 « 


• S QJ 










1 » 


• CO 


CL 


— x cu 


1 ro 




jO 


1 * 


■ 31 J2> 











88 



EP0 923 049 A2 



oc\jocoo^omoM)oi^ 

O' — * O**-* O' — *■ O**"* O O' — 
P*0 PT3 4J*O-PX)4J-04->'O 
C'w C*— * C v — ^ C~ ^ 

5P 5-P 3P 5p 5p !sp 
ococococococ 

o o o o o o 
r*^ Qh» Or** or- or^ or- cx 

a 

V 















•r- V 




•r- V 




f- V 








N, 








TD 






x> 


"O 










N— * 






<D 


a> 


a> 


cd 


cd 


CD 




=3 




3 




3 














ro 




ro 


*o 












>j 




> 


'j 


P 


3 


P 


P 


P 


c 


C 


c 


C 


c 


c 












-r— 


o 


o 


o 


o 


o 


o 


Ql 


CL 


CX 


cx 


Ql 


Ql 


A 


A 


A 


A 


A 


A 


1 


1 


H 


n 


n 


1 












co 


s 










l. 


O 


t— i 


CD 


f— i 


<=> 


<d 


t-H 




O 


O 




JC 


o 


O 


«— 1 


t— I 


t— • 


P 












O 


c 


c 


c 


c 


c 


c 


0) 


a> 


(D 


a> 




CD 




xz 




.c 


JZ 


XT 




3: 


•§ 


5 




5 




zq: 

3 03UI 
O+JOh 

f— i-o 



a> a> 

CD • -3 3 

to • — f— 

*0 CXrO fO 

uo> > 



,co ~ 
<d cx 



o 

o «— to 
cx a> 

■ou 

CO 

. <ui- 
cx 

c 



CD CO 

1= 



-Q fO 
T3<D 

cd i_ 

CO <0 

3 

CO 

cd a> • 

-Q OP 
•r- C 
04-> ro 
P L-P 

a> to 
co > c: 
CD o 

u o u 

PPO> 

<- c 

tUPr- 

> COT3 

roc 

W— 3 
O O 
0)1- 

tOJC 

<w— a> 

3 -C 
r— -p 
*D C 

> OT3 
f-C 

CDPfO 



CX3 

PQ>^ 
O LP 

a> a> c 
ai c o 

COt- cx 



< 



3 

ro 

CQ.C 
EE 3 

oa>o 

CXPJ3 



CX 

o 
o 



cx 
o 
o 

cx 

OCNJ 

o — 



• I — o 



UJ GO I 

• • - n m 
co + cat— 

LUOC 



CX OJZ^i— « 
I — 30 IO 

>><ZO 
4-> cx 

I CL 

O I • f- o 



a>a> c xjr- 



to JO JO 

a>«o«o 

Of— r- 
OLL 
1. ro«D 
CX>> 



E3L- 

•oa>oo 



L_ 

o 



CQ 
CD 



a> 



cx 
e 
a; 



cx 

o 
o 



a. 



•r- C 



4-KSJ 



3w 




o 


I 1 — 1 


t— I*-* i 




cxx-> 




4-J 


> -r— 


CXr- « 


cx 


C 3 




c 


1 1 1 


§2 




•r- CX 










c 




s 


\f 


+-> CO I 














r— i 




t 


c 




wE| 


■r- 


■OoO ! 




HQJ 






1 — » 


C ■ 


i— i 




1 — 1 


1 4->! 


> 




cx 


^+-» 


I •»-— 


■■o< 




-f— i 


E 


t CNJ 


1 1 — 1 


Ci 


1 




a> 


I ^»»*-^ 


• > 










I^CVI 




► L- 


1 — 1 








» V 


O 


f— 1 




c 




• 1 — 1 




+ 


C04-> 




t o*-» 








ro 3 






» * 


• * 




E= CX 


CO 




I CNJ 


i CO 


CM 


C 


» a> 


• Xt- 


t l—J 




l 1 


y 


» 3 


I LUr— 




t CM 








> 1— 


i O. 


• CX 


Q. 


©o CX 




• cc V 




• E 




^ E 


« > 


i LU 


i * 


* a> 








i >*•-> 


• l 


« +-> 


i i 














E 












r- | 


| fO 


• c 






















i L_ 










CM »— i 


■ o 


» »~5 








CX cx 


i H— 










E E 




• L, 








a> a> 


i i 


• O 








+J 4-> 


i i 


i 









"-x CM 
•— I CX 



CM 



4-> 



CM CM 
CX CX 

E E • * 

a> a> 

4-> -PH- 

CO CX 
CO 
CD O) O 



"OCX 

c o 

CD O 



•o 



CM 

cx 



D 

V * * 

X tO 
CD CO 
4_» CD 
L- O 
CD O 
> L. 
CX 

-o 
c 

CD 



CD CO 

JC >> 

JO co 

CD t- 
tOftJ 
3 

CO 

a>ai • 

•r-C 

OP «o 



CD CO 

to > c 

CD O 
OO O 

pp a> 
t- c 
a>p-t- 

> cox? 
#o c 

*4-r— 3 

o o 

OIL. 
tOJC 
Q>(— CD 
3 JC 
*— +-> 
ro C 

> OXJ 

r- C 
<D4-> <0 
JC ro 
4->i — ^ 

oo 

PQv 
O L-+-» 
CD CD C 

i -Mr- 

CD C O 

OO *- CX 




co ococ 

L_ -0-«-"0-*- 
CXCD o o 

ojc cx oj>^ cx 

OP O w w 

r- OO ^1^1 
1 — t 

i ACM ^ ^ 

z i • -o -o 



21 COZ CD 
i-iI-ID 3 
CO (DO 

f— p I > 
p o ox 1 

C Q-wUJ COP 
-r- r- I ^- C 

0 I cc 

01 OVUJ^O 

I >*t- cx 

X =>*0 OKA 
CD z: ^P CD I 

P O) P 
«_ O OO L_ 
CD Pr— CD= 
> ro C ><3 

O > i- O 

^ | CDO 

CP-r- tO= 
to C ro 

CO -i- L_ U C 

CD "O OO CD 
CJ OH— JC 

O L- 5 
t_ O 
CX 

c 

x cn 

— CD 



CD 
3 



ro 



O 
CX 



A 
I 



o 



c 

CD 



89 



EP 0 923 049 A2 



c * 

CD <XI 



o 

-O 



A 
It 



to 



o 



CD 



* 
CM 



CD 

CD 



■O Ol 

c e 

rj cd 

O 4-> 
% 

V - • 



* EE 
CM CD 



CD 
4-> 



CM 



O 



C 

o 

JO 



CD 4 



CD w 
to *0 

cd a> f- 



CD 
to 



CD 



CO to 



CD CO 

cJa 1 

LU UJ 

I — H- 

I I 



=) ZD 

\ + 

o 

C ^ C 
3 CD ^ 
O ^ O 
_Q CL TD 

CD 



CM 



CO** N 

CD O V 
r— -O 
C 

"O 3 0-*O 
COO *— ' 

QJH OP 

OL O 

"O 4-> O lO 

C 3 t— to 

CD O CD 

"O U 

C O 

CD t- 
CL 

"O 
C 
CD 



4-> 

ii 

CD 



c 
o 



c 

CD 



90 



EP0 923 049 A2 



•— • 


CD 


c' 




<U 1 


fl 


sz V 


V 


+-> 






» 














O i-> 












V tO 


to 


ftJ 




**■"> E 






CD 




<✓> 











"O CX • * 
C O 

CU O CX - * 
■— O 

O t/1 
"Ot — tO 
C CU 

cu-o o 
c o 

CU t_ 
CX 

*o 
c 
cu 



a> 



■r-J—lU 
(DUJZ 

o 

c - - 

CNJ 
*a cx 
t_ e 

cu 
a> 4-> 



CLr- 

to E E 
to CU-»- 

<D+->c— 

o 
o 



-Q-Q 
•• <D IO 
COf--*- 
UJ L L 

CJ > > 



o 

4->CNJ 

3^ 
CX-M 
C 3 
CL t- CX 
O C 

O ^ *- 

— « C 
* CNJ <D ^ 



CX 
O 
O 



O 



CO t— CNJ 

I— « % |— 



CD CX, » — » to 



CJ-t- 



OttrH IO 3 

= uj 4 e cx _ 

I *- C --X-r- 

A | -r- LU«— 

I «* ■* CNJh- 

I* oa nrr v 

to3IC\j— v EUJ 

t- ZD +j cu > •«-] 

-C E 

+-» O ■ **— I c= 

*r— CX cx 

■ C E E £= <- 

■ 0> Q> O 
< — 4-» *->H— 

CMt- 
CX 

E t. 
CU O 



C 

cu 



l_ 












-o 












<u 










•—1 


J3 


i o 








CX 


«o 










e 


1_ 








• • 


cu 


+J 


' 1 






• ■ 


► +-» 


(U 












H- 








i r— l 


1 




t fO 






• *»— > 




i- 


• r— 






i I I 




o 


• -o 






• O. 






• fO 














• 


• 1 


• » 






: J 


1 


• 1 










1 










• o 


■ 












• 


CO l 


: r 






: c . 


• 


T— 1 


• CM 


CM 




• #o 


t 


TD » 


i I I 




-♦-» 


i L. 


• 


fO • 




CNJ 


o 


• 4-> 


• 




! a. 


CX 


cu 


• CU 


1 






E 




I 4-» 


1 


t » 


* * 


CU 


U> 






• • 


* ■ 


4-> 


to 














• M- 










• 


* -r— 











f 



> 
I 



CNJ 



< 

LL 



o 

CL 



a» 



"S 

t_ 
•M 

.cu 



a» 

cz 

l_ 



c 
o 



cu 



■o 



to 
c 
o 
c 




lex - u 

(D C4-* QJ 
4-> CX 



c o 
a> cx 



X3 



4-* 



CU 

c 

3 



T3 



CD 





CC 












CX 


<o i 


UJ I 








c 




o 


l_ i 


NT 








he 




o 


!.: 










+-> 




















<=> 




i i : 














C i 














o 


o ■ 














+-» 












i— i 




wn 








LU 








o 


o 


to 


EG 




1 




•o 






to 


»— 














fO 










• 




UJ<X | 


3: 


*— » 




CX^CNJ 




CO 


+-> 












V- 


<u 


CP lui— < 


c 






°3 + 




t— • 






o 














1 — LQCXl* — • 




c 




'"ca 


CL 






z<tuo 




o 




o o o 


o 








3 




CX 


»- 4-> 


+-» 










Ij 


o 


O 4-> 




LU 


-o 




*o 


3 


o 


4-» 3 1 


D 


1— 






IO 
















CU 


'o 




§*o " 










CC 


to 


CNJ 


O to CX 


CX* * 




b' 






cu • • 




-o ai o 


o 




>> 




CU 


L_ CX 


o 






ZD 


in 




o 


o 


4-> 


. -CNJ 




- 


c 


x' k'i 


-I — 






^ cu 




ac 


o 


UJ • - CU 4~> 


4-» 




O 


o c to 


-o 


c 


+-> c 


4-> 


to 




•r-H- r— 


c 






O: W L r- 


*o 


xn cu 


c 


■ -r- CU 


CU o 


a> 


LU CO CU O 


_J 


CUr— 




* * "7° 




« ) 


s_ 


> e > cx 




CJ-O 










zy 




CU 


► O fO 




CL L_ 




■O L_ 


4-J 




» +-> 


1 <_ 




op 




C O 


U 


» c 


» 3 


» CXL_ 


t_ 






CUM— 


CU 




* CX 


• ro 










4-> 




: B 


i • • > 












• W c c c c 




' CO 


C 










• C DID) C7>*f— 


t c_> 


» ^ 










u 


i O -»— -r- -»— C7> 






o> 








I— 


I (J to to to cu 


i * 


CU 










* JQ 


i * 




■O 









91 



EP0 923 049 A2 



(Moroo^-omovoors 
cocococScroc 

•r- "O r— "O f — "O -•- "O 

O O O O O O 
Oi^. CM*-- CU^- CLT*- QJ Ql 























B 




0 








i 






V 




V 




V 




V 
















^ ' 




























X> 




"O 




























<u 




CD 




cd 




cd 




CU 


3 




3 




3 




3 




3 




















TO 




to 




TO 




ID 




TO 


=*. 




> 

1 




> 




> 




> 


4-> 




+-» 




+-> 








1 

+-> 


c 




c 




C 




C 




C 




















o 




o 




o 




o 




o 


Q. 




o. 




a. 




Ql 




CL 


A 




A 




A 




A 




A 


■ 




H 




B 




1 




fl 


















V» 










s 














CD 




«— 1 




cd 




<u 


i — i 




CD 




O 




f— 1 




JC 


CD 




*— 1 




f— 1 




t— 1 






= 




s ■ 




e 




s 




o 


c 




CZ 




C 




c 




c 


cu 




o> 




CD 




cu 




cu 


jc 




JZ 




JC 




JC 






j* 




3: 








j* 









- . 

' — V 






* * • * 






cd 






CD to » 






— ' f—4 






JC >^ 






»■ — v » 






4-> TO • 












^ S ' 






^ X 












4-» V 






TO • 






c 


















"O <D » 






o » — • 






CD t- • 






CL » 






to ro i 






I/O 






3 ■ 






I h- 












•—» V » — » 






<d cu • • 


OO 




t — » CD 






-Q o +-> « 


UJ 




i * — v "~~>. 
1 — Ol — Q_ 






c • 












i - - 




Z ZQC 






4-> t- 4-» 






ZD ODUJ 






cu to 












V) > C 












<u o 


r— cn 










u o u 


ZUJ 




X OX 


1 










UJ-DUJ3: 






Jj+j cn 






1— 1 — z=> 






i~ c 


Q_ • 










Q) 4_> *r- 


QJ 










> V)T3 


3 










to C 












4-*— 3 


TO 




' N 






O O 












a> t. 






' 






V>JC 

► a>i— a> 

» 3 JC 






cu <u 






C CLC 


CD 


*- 3 3 






e 3 












o cu o 


to 


Clio to 






• to c 


> CL4->X3 




O > > 
O 1 1 






» > o*o 

i ^- c 






r— -M 


Cl 




» Ql+J* ro 


> a> cu 


c 


c c 


O 




• JC #D 


» Wi — « — 




O </> 


» +->f— ^ 


» CO -O jQ 




co o 




to 


• OO 


• CU TO TO 




<L> Cl CL 




<u 


l 4-> CL^ 


i O 






-a u 


> U t-4-> 


• O U 1- 






c 


o 


> UJ CU c 


i L. TO TO 






cu 


end pr 


I f— 4-> 

i a> c o 
• tr>*»- o. 

i * » i 


■ CL> > 

I i: 

• ZD 

• CO 



Ol 
O 
O 



Ql 
o 
o 

Cl 

OCM C 
O ^ CU 



A 
B 



uj co L ro 

2T r-H X C 
• • - Cu UJ 3 

a + ach- o 

\— XDI— h-UJ 1 
3^Z2> V ^ 
Cu CUZD >— • 
J— 30 IO -n 

O TO CZ> CsJ 

-Z)4->P O C # 
«r-UJ ■*- 

0 o>o*«-> 

4-» CL 

01 • o 

C XJi- 
f- CLC 
B 3 t. 

-o a> o o 
4J»i3W 



CM 

CL 
EE 
cu 



ZD EE +3 
O-— CU o 



cu 

JC 
+-» 

o 



Cl 
EE 
CU 



Cl 
E 
cu 



cu 
in 



cn 

CD 
JZ> 



CD 

O 

LL. 







1 t 


































+-> 


















^-^ 




1 r— 1 














1 1 t 1 1 










E=f- 


• TO • 


• -r-j 


:-g^ 


f 


E 








1 I 1 1 1 












* <- ■ 


t 1 — 1 


1 r— 1 


1 




















« — j^ 


• "O • 


1 a. 


> ^- CL 












» cu to < 




CD 


CD CD 


CD 1— » CD 


' — to 


• CU I 


• 08 


► EE 












♦ JC >> * 










f-H TO 


• JC 1 




1 »— i cu 


> 


«— ♦ 








1 4_> TO • 








O 


i- e 


1 TO » 


• 1— 1 




t_f 


Cl 








! 5 ! 




A 


4->*0 4-»"0 4J 




• (_ 1 




. ^ 


CU 


EE 












U 




C ^ C 


CU -M 


• 4J 1 


■ 1 — 1 

\f_ 


1 ty-o 




CU 








* jQ TO < 






ii 




4-> O 




• 4-» c 


f — 1 


-M 












UO 








; t^J ! 


• TO 












! *o OJ « 




u. 






1 c 






» «• — ' 


I 1 — 1 


B 








• CD I— • 




CLCU 




0 


••"O 


* x> » 


• 1— 1 




• > 










1 IO TO * 




O JC CL 


cltn. qts 


C 


1 CD » 




! 1 ^ 












« 3 • 




OPO 








• C » 


t 1 1 


1 * • /—v 


: 1 










• to » 




r— O O 


— 1 






• 3 • 


« > 














1 <D <U • • 






-r- V 




+ — 


• t_ 1 




t v-/ 


1 r— 1 


+ ^ 








» £1U4J " 




t— 1 








1 cu • 


1 t 


* jw: 


t T— « 










• t- C • 




• A CM 










t 1 — 1 


» ^ to 


> + 


' 








t 04-> TO • 




1 * 


T3 


-0 -a 




* EE • 


t 'r-y 


» •—5 ro 




■K r-l 




CM 




» 4-J LP • 




UJ f— 






cm Cl 


• >» » 


• -It 


• * EE 


> * 


1 CM CL 




CL 




» CU tO 1 




z: toz: 


<D 


0) cu 


— ' EE 


1 co • 


1 CM 


» CM 


• CM 


. ^ EE 




EE 




» to > C < 




•— « t- ZD 


3 


3 3 




t c: • 


1 « 1 


1 — +-> 




1 cu 




cu 




• CD O • 










CM+J 


• O 1 




» CM O 




' CM 4-> 








• O O u « 






TO 


TO TO 


CLw 


• ^ 1 


t Q_ 


t CLC 




• Q. 
















EE 






• EE 




• EE «- 




n 




1 -M4J cn 1 


4-> 








<u t_ 




* t 


' CD t_ 


■ « 


• a> 0 








1 t_ c • 


c 


CU ^UJ 






O QJ 

to 


■ 1 1 


l « 


4-> O 


1 1 




^~ 






1 CD4-> r- « 






•r- C 


c c 














CM 




• > V>T? 


0 


•r— 


■r— -r- 














CL 




• TO C 


Cl 




^ O 


O O 


CD 














EE •- 




• 3 






■t- CL 


CL Cl 












c 


CD 




1 O O 






















CU 


4J«U 


- - CM 


1 CU U, 
■ tO JC 




ZD X) O X A 
Z v-^4-» CU 1 


A A 
1 fl 
















cu *" 


Cl 


• CUH- cu 


4-» 


a* 


4-> 


















in ~U 


Cl E= 


' 3 JC 


U. 


O DO t- 


















r— c 


O CU 


1 -+J 


CU 


+->. — 


a> = 


















CU CD O 4-> 


» TO C 


> 


TO C 


>CD 


t <=> 




















• > OXJJ 




CD > r- 


CD 


O «— • 


















D 


» — c 






CD CD 


P P 


















TZJ Cl V 


• CU4-» TO 






to - 




















c 0 


• JZ TO 


to 


-r- C 


TO 




















cu 0 x to 


1 4-»r— ^ 


to 




O C 


c c 


















<u to 


t OO 


1 CD 


"OOO 


CD 


cu cu 


















4_> a> 


» -M CL^ 


» u 


CL"<- 


JZ 


JC jz 


















-0 u u 


• UL +-* 


1 0 


t. 






















c <u 0 


• CD CD C 


1 t_ 


O 






















cu > u. 


tr-pr 


• Cl 


**- 






















0 


. » at c 0 

■ l/l r- CL 




C 






















-0 




1 X 


cn 






















c 


1 t t t 


» ZD 


cu 






















cu 


1 1 1 1 


» 2IJZI 







92 



EP0 923 049 A2 



* 
CM 



CL 
CD 



<u 



i3 cd 

O 4-> 
JO 

v - - 



cm a> 



CD 



CM 

o 

c 
o 



CO LO 



CO CO 

a: a: 



cd t 



a> 



CM ZD ZD 

^ + 

r-. o 

c ^ c 

o ^ o 

jo cx*a 

^ a> 



co-* a 

CD O V 

c o o ^ 

<U O P 

cx o 

X5 4-> O to 
C 3 r— «/) 

CD o CD 
"O o 
c o 

CD C- 
Ql 

c 

CD 



■5 

ee' 

>» 

c: 
o 



■o 

CD 



o 

CD 

LL 



93 



